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ALKALINE PHOSPHATASE ACTIVITY IN NORMAL AND ABNORMAL 
HUMAN BLOOD AND BONE MARROW CELLS 


M. Wacustrein, M.D. 
MippLetTown, N. Y. 


N 1907 Winkler! demonstrated a staining technique for the microtechnical 
visualization of the enzyme oxydase in blood films. ‘Che demonstration of this 
and a similar enzyme, peroxydase, has since become a standard technique for the 
identification of cells of the myeloid series. The oxydase stain apparently repre- 
sents the first suecessful method for the histochemical demonstration of en- 
zymatie activity. The microtechnical visualization of alkaline phosphatase 
activity by Takamatsu? and Gomori*® suggested that a study be made of alkaline 
phosphatase in films of human blood and bone marrow under normal and 
pathologie conditions. 
METHOD 
The technique used was essentially Gomori’s method as modified by Kabat 
and Furth* with small alterations.° Dried blood or bone marrow films were 
covered for a few seconds, without further fixation, by a solution containing 
0.25 Gm. celloidin in 50 ¢.e. absolute aleohol and 50 e.e. ether. They were then 
dipped into 95 per cent alcohol, washed in distilled water, and incubated for from 
ten to fifteen hours at 37° C. in a solution made up freshly each time and con- 
taining 10 ¢.. of a 3.2 per cent sodium glycerophosphate 5 H2O,* 10 e.c. of a 
10 per cent barbital sodium (sodium diethyl] barbiturate) solution, 10 ¢.e. of 
m/10 magnesium sulfate, 15 ¢.c. of a 2 per cent calcium nitrate solution, and 
do ¢.e. of distilled water. It is advisable to keep the elycerophosphate and so- 
dium barbiturate stock solutions in the refrigerator. The slides were then 
washed in water containing a few eubie centimeters of the calcium nitrate solu- 
tion, transferred into a 2 per cent cobalt nitrate solution for five minutes, and, 
after thorough washing in tap water, brought into a Coplin jar containing a 
few drops of ammonium sulfide. The tissue phosphatase liberates inorganic 
phosphate from the substrate, which is precipitated by calcium ions present in 
the ineubating solution; the inorganie phosphate combines with the cobalt 
nitrate to form cobalt phosphate. The cobalt phosphate is then transformed 
into black cobalt sulfide. 
Preformed calcium present in tissue sections also leads to black deposits. 
It was necessary, therefore, to incubate sections in a mixture without glycero- 
phosphate. However, repeated controls of this kind did not demonstrate any 
nonspecific staining in blood films. Whenever possible, three slides were used. 


From the laboratories of the Elizabeth A. Horton Memorial Hospital, Middletown, N. Y., 
and the Beth Israel Hospital, Passaic, N. J. 


Received for publication, Aug. 8, 1945. 
*Fifty-two per cent alpha, Eastman Kodak Company, Rochester, N. Y. 
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One was studied without counterstain; one was counterstained for several see- 
onds in a 0.5 per cent aqueous solution of basie fuchsin; and another was 
counterstained with Harris hematoxylin for one minute and thirty seconds with 
a 0.5 per cent alcohol solution of eosin. It was necessary to study unstained 
slides, since any counterstain will cover small amounts of dark deposits in- 
dicative of a weak phosphatase activity. Unless mounted with elarite or a 
similar medium, the stain will fade in a short time. 

In contrast to the oxydase reaction, the phosphatase reaction in blood films 
could be demonstrated even in one-year-old slides in cells which contained 
large amounts of phosphatase (that is, leucocytes in infections). In the pres- 
ence of only small amounts of phosphatase, the enzvme was no longer demon- 
strable after several weeks. It is advisable, therefore, to use fresh preparations. 

RESULTS 

Normal Subjects—The blood of twenty-eight subjects was examined. All 
had normal red blood cell counts as well as normal amounts of hemoglobin. Red 
blood cells, lymphocytes, monocytes, and eosinophilic leucocytes did not show 


TABLE [I 








| | NEUTROPHILE LEUCOCYTES | 
| | 





| PHOSPHATASE 
POSITIVE* 








































| | 
| | POLY- | | 
| MORPHO- | | | EOSINO- | LYMPHO-|  MONo- |__ NEUTROPHILES ~ 
|NUCLEARS)| JU VENILES| PHILES | CYTES | CYTES | | 
SUB- | | (PER | (PER | | (PER (PER | (PER | PER 
JECT | SEX |W.B.c./C.MM.| CENT) | CENT) /|NO./C.MM.| CENT) | CENT) | CENT) | CENT | NO./C.MM. 
1 F 8,000 65 - 5,200 + 26 5 72 3,744 
2 F 6,500 56 3 3,835 - 37 59 82 3,145 
3 M 9,300 56 _ 5,208 2 41 I 24 1,250 
4 M 6,100 70 6 4,636 - 22 2 91 4,219 
5 M 9,100 70 2 6,552 - 26 2 20 10 
6 F 8,000 64 4 5,440 l 38 3 48 2,611 
7 F 7,500 66 4 5,250 1 28 l 38 1,995 
Ss F 8,700 72 2 6,438 4 21 l 28 1,803 
9 F 7,700 74 + 6,006 l 20 I 25 1,502 
10 F 9,000 54 3 5,130 = 39 4 65 3,339 
1] F 6,000 64 7 4,260 - 27 2 76 3,208 
12 M 5,700 78 3 4,617 . 18 l 30 1,385 
13 F 7,300 75 6 5.913 4 14 l 24 1,419 
14 M 7,500 63 2 4,875 1 32 2 22 1,073 
15a M 7,500 66 2 5,100 4 24 4 7 357 
15b M 6,500 66 6 4,680 2 16 7 18 842 
16 F 7,500 65 - 4,875 2 30 3 23 1,121 
17 M 5,600 48 = 2,688 2 42 8 72 1,935 
18 M 9,300 60 9 6,417 7 19 5 30 1,925 
19 M 9,000 52 4 5,040 3 36 5 20 1,008 
20 iy 7,900 44 : 3,900 2 40 6 78 3,042 
Zila F 9,800 o7 3 5,880 4 35 3 24 1,411 
21b F 8,650 72 ~ 6,228 5 21 2 24 1,495 
22 F 7,500 66 _ 4,050 1 31 2 60 2,970 
23a F 10,100 50 2 5,252 2 2 4 54 2,836 
23b RK 7,000 44 2 — 2 50 2 30 966 
24 F 6,500 61 4 4,225 1 32 2 50 2,113 
25 F 7,500 60 2 4/650 l 34 3 24 1,116 
26 F 9,300 54 2 5,208 2 38 4 35 1,823 
27 M 7,000 55 - 3,850 4 34 6 30 1,155 
28 F 7,200 52 _ 3,744 4 42 3 46 1,722 
Average 7,737 4,621 41 1,931 
*Since phosphatase activity was found mostly in polymorphonuclear and juvenile neutrophiles in coun- 
terstained preparations, the percentage and number of positive cells were recorded in this group only. 
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TABLE II 



































| NEUTROPHILE | PHOSPHATASE- 
| LEUCOCYTES POSITIVE 
¥ h 2 NEUTROPHILES 
3 2 is 2 
os 3 oe te | ae | ao . 
4 oani of I Se Shiva, & = 
ae amo; Z~ i. on = Zo 5 ze 
a ° aoe) Re < Sa aeisa ~ 
= 4 On| > aw > hw At | 4 gi 62 > 
5 es oP A] DA —) © A ba, | © A a ° 
a ee o | eee if§ Al yw 4 gy aN At Ay Z 
Subject | Fasting 
u 8:30 A.M. 6,500 65 3 4,420 5 26 ] 39 (1,724 
b 11:30 A.M. 8,000 57 2 4,720 6 34 l 35 1,652 
¢ 2:30 P.M. 7,700 6] l 4,774 6 31 1 29 1,528 
d 4:30 P.M. 8,300 67 1 5,644 6 95 l 32 1,806 
Subject’ 2 Fasting 
a 8:00 A.M. 7,100 56 4 4,260 3 36 1 36 =: 1,534 
b 11:15 A.M. 11,000 43 6 5,390 1 ol 1 21 1,132 
e 3:00 P.M. 10,000 46 6 5,200 = 43 2 40 2,080 
d 5:00 P.M. 9,000 45 t 4,410 1 50 0 44 1,940 





any phosphatase activity. Among the neutrophiles, a varying number of cells 
was found to contain alkaline phosphatase (Table I). The number of positive 
cells varied considerably on different days in the same individual and even 
during the same day in the same subject (Table II). 

The majority of the neutrophiles of normal individuals revealed only weak 
phosphatase activity. Usually only small portions of thé cytoplasm showed 
small black deposits; however, in some cells the whole cytoplasm stained black. 
The reaction in the nuclei varied. Usually the nuclei revealed no, or only slight, 
activity. Occasional cells showed activity only in the nuclei and none in the 
cytoplasm. 

Bone marrow films from four normal subjects’ were examined for phos- 
phatase activity. The application of the phosphatase stain to bone marrow 
preparations, however, was not as satisfactory as to blood smears. Not infre- 
quently uneven staining was observed. Groups of cells showed activity while 
a similar type of cells, when more isolated in other fields, appeared to be devoid 
of phosphatase. Occasional nucleated red cells, erythroblasts as well as normo- 
blasts, showed activity in their nuclei. However, the majority of these cells was 
phosphatase negative. Megakaryocytes were, as a rule, negative. Among the 


TABLE III 






































| RELATION BE- 
PHOSPHATASE TWEEN 
PHOSPHATASE POSITIVE PHOSPHATASE- 
NEUTRO- POSITIVE MYELOID MYELOID CELLS POSITIVE 
PHILE NEUTROPHILES CELLS IN IN STERNAL MYELOID CELLS 
LEUCOCYTES IN BLOOD STERNAL MARROW IN BLOOD AND 
SUB- IN PER MARROW/ | PER STERNAL 
JECT | SEX | BLOOD/C.MM.| CENT | NO. /C.MM. C.MM. CENT | NO./C.MM. MARROW 
| M 4,875 22 1,073 80,000 13 10,400 1:9.7 
2 M 4,617 30 1,385 150,000 10 15,000 1:10.8 
3 M 5,040 20 1,008 49,000 12 5,880 1:5.8 
4 M 6,417 30 1,925 113,000 10 11,300 1:5.8 
Average 5.007 25.5 1,348 98,000 11.2 10,645 bE 
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myeloid elements, only polymorphonuclear, as well as oceasional juvenile leuco- 
cytes, mostly stab forms, showed moderate activity. In each single ease, the 
number of positive cells in the bone marrow was greater than in the peripheral 
circulation (Table II1). 

Patients With Infection.—Blood films from thirty-two patients suffering 
from different kinds of infections were examined, several repeatedly (Tables IV 
and V). As with the blood of normal individuals, lymphocytes, monocytes, and 


eosinophilie leucocytes did not show phosphatase activity. Most of the neutro- 


* 
2 








Fig. 1.—Two neutrophilic leucocytes showing strong phosphatase activity in a patient with 
pneumonia. (X1000.) 











Fig. 2.—A polymorphonuclear leucocyte showing strong phosphatase activity in higher magnifica- 
tion. (X2000.) 
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TABLE IV 




































































NEUTROPHILE PHOSPHATASE- 
LEUCOCYTES ‘ POSITIVE 
, . l ” na \2 NEUTROPHILES 
: 2 ~ S |2utlae . A ee on oe 
. a 219 | 3 |@Salae| @ | EE SISelES! . 
3) 3} 2 o S IS8cleo a Qe ISBISBI5B| 4 i 
g Z ; - S iC Sell ow o Sa ihalt «leat © o 
a] y g A |apelbal > | 88 128)48|28) 2 - 
Dl — a I » |Oowz&ID A S Ma |oalnxal| ool a S 
n 7] a ta ioe) = ae Olah A - QejQavyli aw -¥ 
1 EF Pneumonia 3.8 10.0 42,000 65 30 39,900 - - 2 3 97 38, 
2  M Pneumonia 3.6 9.7 21,200 83 7 19,080 - - 9 1 88 16, 
3. M Pneumonia 3.6 9.0 32,000 58 30 28,160 l 7 4 81 22,8 
4  F Pneumonia 3.7 10.4 15,900 60 9 10,971 3 1 64 7, 
5 M Osteomyelitis 4.0 11.05 22,000 75 11 16,500 14 - 95 14,475 
6 EF Pneumonia 3.1 8.05 60,000 89 4 55,800 2 4 1 90 50,220 
‘f M Pneumonia 4.9 13.85 41,500 56 30 35,690 8 6 95 33,905 
8 M Retroperitoneal 
abscess 3.8 104 23,500 78 12 21,150 5) > 94 19,881 
9 M_ Skin infection 39 104 28900 74° 14 25,432 | 8 3 ©9283 
10 M_ Streptococcie in- 
fection 4.0 10.4 25,600 68 13. 20,736 1 10 § 95 19,699 
11 EF Puerperal infec- 
tion 2.6 8.05 41,000 58 39 39,770 a 98 3s 
12 M Otitis media mY 9.7 18,000 60 26 15,480 14 96 14,861 
13. M Pneumonia 2.9 8.35 21,900 76 12 19,272 12 96 18,501 
14 F Diverticulitis 4.7 12.15 14,000 70 16 12,040 14 93 11,197 
15 M_ Skin infection 3.6 9.4 24500 80 16 23,320 4 97 22,620 
l6a M Rheumatie fever 2.8 7.4 29,800 72 25 28,906 3 91 26,3504 
16b) M Rheumatic fever 2.9 7.05 20,000 58 37 — 19,000 l 3 1 97 18,430 
17. M Perforated gastric 
ulcer 49 15.0 24,000 76 23 25,760 l - 96 22,809 
18 M Otitis media 3.0 8.05 18,400 65 21 15,824 2 10 2 92 14,558 
19 F Meningitis 3.9 11.8 20,300 64 18 16,646 16 2 90 14,981 
20 M Pneumonia 2.8 8.7 10,400 79 3 8,528 15 3. 9S 8,101 
21 M Meningitis 4.7 12.45 14,800 72 10 = 12,136 - 16 a OF ‘TT, 
22 M Skin infection 4.5 12. 12,000 60 22 9,840 16 6 80 7,872 
23 M Carbuncle 4.0 11.8 17,000 67 25 15,640 8 93 14,545 
24 M_ Peritonitis 3.7 611.5 «634,600 26 68 32,524 2 - 4 - 90 29,268 
25. F  Septicemia 
diabetes 5.5 15.70 47,700 30 62 43,88f 2 - 6 - 99 48,445 
Average 26,269 23,461 92 21,736 








philes in the cireulating blood were strongly positive. They contained very 
large amounts of phosphatase (Iig. 1). Phosphatase was found in both nuclei 
and cytoplasm. In many eases the latter contained distinctly more enzyme. In 
cells of this kind, the nucleus stained lighter than the cytoplasm and stood out 
against the dark background (Fig. 2). Frequently the whole cells were dif- 
fusely blackened without any recognizable detail. Polymorphonuclear and 
juvenile neutrophiles participated in this reaction. 

In seven patients (Table V) with marked leucocytosis, the usual large num- 
ber of intensively positive leucocytes was found in the blood stream at the height 
of the infection. With the return of the white cell count to normal, there was 
also a marked decrease in the proportion and number of positive leucocytes. 
Not only did the number return to normal limits, but the amount of enzymatic 
activity in the single cell was likewise markedly decreased, approximating the 
amounts found in the blood cells of normal individuals. 

The constant and strong reaction of the leucocytes in the blood stream of 
patients suffering from different infections suggested that examination be made 
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6 WACHSTEIN 
TABLE V 
NEUTROPHILE PHOSPHATASE- 
LEUCOCYTES ‘ POSITIVE 
; ._ coe 4 | | _ | NEUTROPHILES 
' a os s Sela & : Se i.e] Ze] i 
2 7 < 3 lee Zie4| = | 4 122) 84] & 4 
x Z ©) & | S [geeles| 2 | Se jes) eeja) 4 
= zs 2 } a SC [fae2lfe| 8 Ze lel Sun| ° 4 
S| = ela) a | @ [28ReE) So | SERRE SHla|] 
ml oo a A x i EF JfnzSin<l & my ISS] Sl & Z, 
1 F Pyelitis 12/15 35 9.7 24,000 70 13 19,920 15 2 88 17,529 

. 12/18 7,000 27 25 3,900 48 - 74 2,886 

2  F Acute parotitis 12/30 4.5 12.17 24,000 2 12 22,560 6 - 91 20,529 
1/2 3.6 10.0 20,300 58 18 15,428 2 18 d 90 13,885 

1/5 13,000 56 18 9,620 2 20 4 65 6,253 

1/12 7,000 44 6 3,750 50 2 56 2,100 

3. F Meningitis 12/21 3.6 94 22,000 45 18 13,560 - 37 4- 96 13,117 
12/24 28,000 58 18 21,280 - 20 4 96 20,429 

1/9 9,500 60 6 6,270 30 70 4,389 

4 M Pneumonia 2/26 4.2 11.45 46,000 57 30 40,020 13 96 38,419 
2/27 16,000 68 10 12,480 _ 99 88 10,982 

3/1 12,000 22 8 3,360 - 68 2 46 2,553 

3/5 9100 48 4 4,732 2 42 1 80 3,785 

3/7 10,000 30 2 3,200 4 61 3—s«50 1,600 

5 M Pneumonia 11/27 3.6 10.0 20,000 75 17 18,400 8 96 17,664 
11/30 20,000 76 15 18,200 9 95 17,290 

12/4 11,000 66 9 8250 1 2 38 64 5,280 

12/7 10,000 64 8 = 7,200 2 24 2 66 4,752 

6 M Pneumonia 2/25 4.0 10.75 38,600 84 12 37,056 4 - 94 34,932 
3/1 13,200 40 2 = 5,604 4 50 4 62 3,474 

7 M Pneumonia and 12/6 3.1 9.4 £421,000 60 23 17,430 ] 14 2 94 16,384 

otitis media 12/9 5,000 = 44 12 =2,800 8 28 8 70 1,960 
of purulent exudates. Exudates from different sources were available. In all 
eases the exudates contained predominantly polymorphonuclear leucocytes. The 
phosphatase stain revealed a uniform picture. After treatment with ammonium 
sulfide the slides took a dark color. Under the microscope, nearly all cells were 
found to contain large amounts of enzyme (Fig. 3). The nuclei frequently 
showed more activity than the cytoplasm. The disintegrating leucocytes lib- 
erated large amounts of enzyme which formed amorphous black deposits. 

In five cases bone marrow films were examined. The neutrophilic leuco- 
eytes, including polymorphonuclear and juvenile (stab and metamyelocyte) 
forms showed frequently very much stronger activity than observed in cells 
from normal bone marrow (Fig. 4). Apparently a somewhat greater number 

TABLE VI 
7 iii - wv RELATION BE- | 
PHOSPHATASE TWEEN 
PHOSPHATASE POSITIVE PHOSPHATASE- 
NEUTRO- _ SOSERIVE uvEZorwD | MYELOW CELLS POSITIVE 
PHILE NEUTROPHILES CELLS IN IN STERNAL | MYELOID CELLS 
LEUCOCYTES IN_BLOOD STERNAL MARROW IN BLOOD AND 
SUB- IN PER MARROW/ PER STERNAL 
JECT| SEX DIAGNOSIS BLOOD/C.MM.| CENT NO./C.MM. C.MM. CENT | NO./C.MM. MARROW 
1 M Meningitis 12,136 97 11,772 282,000 34 95,880 1:7.4 
2 M Pneumonia 8,528 95 8,101 200,000 43 86,000 1:10.2 
3M _ Skin infection 9,840 80 7,872 56,000 40- 22,400 1:2.8 
4 M_ Skin infection 25,432 92 23,397 250,000 32 80,000 1:3.4 
5 M_ Streptococcie in- 
fection 20,736 95 19,699 220,000 54 118,000 1:6.03 
Average 15,335 91.8 14,168 , 201,600 40.6 78,800 1:35.96 
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of cells showed faint activity than those seen in counterstained slides, since in 
unstained preparations more cells, including myelocytes, showed occasional 
slight activity in their nuclei. Nucleated red blood cells were more often phos- 
phatase positive and very occasionally the nucleus of a megakaryocyte showed 
faint activity. As observed in normal subjects, the bone marrow contained 
more positive cells than the peripheral blood (Table VI). 





Fig. 3.—Polymorphonuclear leucocytes in the spinal fluid of a patient with meningococcus men- 
ingitis showing marked phosphatase activity. (1000.) 





Fig. 4.—A group of phosphatase positive myeloid cells in the bone marrow from a patient with 
pneumonia. (X1000.) 
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Eosinophilia: Blood films from five patients with marked eosinophilia were 
available. One patient showed pronounced eosinophilia after pneumonia. In 
two patients the diagnosis of trichinosis was established and in the remaining 
two trichinosis was suspected. The total white counts varied between 6,550 and 
20,000. The differential count showed between 21 and 42 per cent eosinophilic 
cells. As seen in normal subjects and in blood films of patients with infections, 
eosinophilie leucocytes did not show any phosphatase activity. The number of 
phosphatase positive neutrophiles varied between 637 and 4,724 per eubie 
millimeter. 

Infectious Mononucleosis: Four patients with infectious mononucleosis 
were studied. The white counts varied between 10,000 and 18,400. Between 7 
and 36 per cent of the circulating white cells were atypical lymphocytes. Like 
the normal lymphocytes in the circulating blood, these cells did not show en- 
zymatie activity. In all four patients, neutrophilic leucocytes were partially 
positive. 

Acute Myeloblastic Leucenia: Blood films of fourteen typical instances 
of acute myeloblastic leucemia were available for study (Table VII). All the 
patients showed the marked anemia characteristic for this disease. Myeloblasts, 
promyelocytes, and myelocytes were constantly devoid of any phosphatase aec- 
tivity. Only neutrophiles, juvenile as well as polymorphonuclear leucocytes, 
showed a varying degree of activity. In three of the patients with acute myelo- 
blastic leacemia, no phosphatase positive cells could be found. 


TABLE VII 

































































7 NEUTROPHILE ae anaes ; - | PHOSPHATASE- 





| LEUCOCYTES ps POSITIVE 
Q is z | NEUTROPHILES 
3 18 |E-le-le g_|2|,-|-|#s 
! Aa ie Seay Tite | Ry Ty ao Te ee eS a 
S| o] 2 | 28 |Seceleckiae| 2 | EE |SclBE/ESBs].| 2 
5 —. C |ge |zAelaek#ox#ise| 2 | Ze lSeisei/Sels4]| s 4 
S| 2 = a ic PE Sait alsoalisal o | Sa |JSSISEISE |S S| B S 
nM n [=] ee > aN ee) Pe 0 ee a "4 pwN awelarliseizo a z 
1 M 22 56 194,000 94 - - 4 - 7,760 3 = =“ re 
2 M 18 = 4.75 5,100 91 1 - i - 51 - 7 - - 1 75 38 
3 M 16 415 5,350 95 - - 2 - 107 - 3 - - 1 40 43 
4 F 2.3 6.9 40,000 72 - 2 6 8 5,600 6 6 - - - 12 672 
5 F 1.8 3.8 14,600 50 = - 6 18 3,504 - 26 ~ - - 8 280 
6 F 2.4 6.05 16,000 93 = = ] 2 480 2 2 90 432 
7 F 22 6.75 137,000 94 - - 3 - 4,110 30 CF - - 50 2,055 
8 M 15 3.8 7,800 = 64 - = - -~ - 36 - - 3 - - 
9 F 2.8 7.05 50,000 33 7 - 5 20 12,500 - 27 7 ] - 40 5,000 
10 M_~ 2.77 69 380,000 8&4 53 4 2 1 11,400 - 6 = = - 90 10,260 
11 M_ 2.14 5.1 130,000 67 2 3 6 5 14,300 2 14 l 82 11,726 
12 F 2.8 7.05 12,000 82 2 - ] 9 1,200 - 6 = ~ 9 = ms 
13 M 3.15 7.05 290,000 97 - - 1 - 2,900 - 2 100 2.900 
144 M = 2.94 8.05 8,500 44 2 - 34 6 3,400 - 14 - - 1 26 884 








Chronic Myeloid Leucemia: Thirteen typical patients were examined, some 
of them repeatedly (Table VIII). No phosphatase positive cells were found in 
six instances, while in one patient a small amount was observed on one occasion 
and none on another. In five other instances only between 0.5 and 3 per cent 
phosphatase-positive neutrophiles were found. Considering the large number 
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of neutrophilic leucocytes in the blood, even these patients showed a marked de- 
ficiency in phosphatase-positive cells. 

In the blood films of only two patients (Subjects 2 and 7), the proportion 
of phosphatase-positive leucocytes was within the range found in the blood of 
normal subjeets. In unstained preparations, white cells, including myelocytes, 
showed occasionally faint activity of their nuclei. These cells showed no ac- 
tivity in the cytoplasm. They were not included in the differential counts, since 
the application of the counterstain covered this slight activity. The counter- 
stain was, however, essential in order to visualize the phosphatase-negative un- 
stained elements. 

Nonleucemic Myelosis: A patient with nonleucemie myelosis appeared to 
he of special interest. A 56-vear-old housewife was known to have had a mark- 
edly enlarged spleen for at least eighteen vears. The presence of a leucomoid 
blood picture was established for the first time seven years before death. A 
splenectomy was performed fourteen months before death. Prior to the 
splenectomy, the white counts had been only moderately elevated with the con- 
stant presence of nucleated red blood cells. At the time of death, roentgen ray 
evidence of sclerosis of the bones was definitely present. The protracted elin- 
ical course, the moderately elevated white blood count with a comparatively low 
proportion of primitive cells, the constant presence of nucleated red blood cells, 
the chronic splenomegaly, the roentgen ray evidence of osteosclerosis, and the 
histologic changes in the spleen were fully compatible with the diagnosis of non- 
leucemie myelosis.*° 

A blood count taken one year after the splenectomy showed 6.1 million red 
blood cells, 16.45 Gm. hemoglobin, and 47,500 white blood cells, of which 38,950 
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were neutrophilic polymorphonuclear and juvenile leucocytes. Fifty-seven per 
cent of the polymorphonuclear and juvenile leucocytes, or 22,301 cells per cubic 
millimeter, were phosphatase positive. The blood contained at that time 47,500 
nucleated red blood cells, all of which were phosphatase negative. About six 
weeks later, the patient was admitted to the hospital because of the sudden onset 
of severe pain in chest and abdomen. A blood count now showed 5 million red 
blood cells, 13.85 Gm. hemoglobin, and 131,000 white blood cells, of which 75 
per cent were neutrophilic polymorphonuclear and juvenile leucocytes, or 98,250 
cells per cubic millimeter. Fifty-one per cent of these cells, or 50,107 per cubic 
millimeter, showed phosphatase activity (Fig. 5). In addition the blood eon- 
tained myeloeytes, myeloblasts, and 94,000 nucleated red blood cells per cubic 
millimeter. None of these cells, with the exception of a few normoblasts, showed 
enzymatic activity. Only observation of other patients will show whether the 
phosphatase reaction ean be of help in the differentiation of chronic myeloid 
leucemia from so-called nonleucemie myelosis. 





Fig. 5.—Chronic nonleucemic myelosis. Several neutrophilic leucocytes showing phosphatase ac- 
tivity. Myelocyte in the right lower corner does not show phosphatase. (1000.) 


Lymphatic Leucemia: Thirteen patients with typical chronic lymphatic 
leucemia were studied (Table IX). No interference with the enzymatic activity 
of neutrophilic leucocytes in lymphatic leucemia was found. The lymphatic 
cells present in the circulatory peripheral blood did not show any activity in 
twelve instances. Only in Subject 6 did the majority of the leueemie lympho- 
cytes show a moderately strong reaction in the nuclei. 

Anemia and Erythroblastosts Fetalis: The blood slides of fifteen patients 
with anemia and erythroblastosis fetalis were examined (Table X). The nu- 
cleated red cells, erythroblasts as well as normoblasts (basophilic, polychromatie, 
and orthochromatic normoblasts), found in the blood films of several of these 
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patients were, in the majority, devoid of phosphatase activity. This was equally 
true for the occasionally occurring nucleated cells in cases of leucemia as well 
as in the previously discussed case of nonleucemic myelosis. However, in one 
patient with erythroblastosis fetalis most nucleated cells showed phosphatase 
activity. The positive cells were best seen in preparations in which no counter- 
stain was used. The activity was always limited to the nucleus. 

Bone marrow films from several patients with normocytie and with macro- 
eytic (pernicious) anemia showed activity in varying amounts of white cells 
and in a fair number of nucleated red cells. The nuclei of megaloblasts as well 
as of proerythroblasts showed a varying degree of mostly moderate activity. 

Different Animals: Blood films from the frog, chicken, rat, guinea pig, 
rabbit, and dog were examined. The blood cells of the chicken did not contain 
alkaline phosphatase. Many of the nucleated red cells in the frog showed 
marked activity. No activity was found in blood films from the dog and mouse. 
Most of the polymorphonuclear (heterophiles) leucocytes in the blood of guinea 
pigs, rats, and rabbits showed very strong activity. The amount of activity 
was comparable to that seen in polymorphonuclear leucocytes in human blood 
of patients with infectious leueocytosis. The other cells were negative in these 
species. 

Lymph Nodes: In order to study lymphatie elements at the site of their 
formation, touch preparations from surgically removed tonsils as well as lymph 
nodes not involved by disease were made. The lymphocytes in these prepara- 
tions showed a varying behavior. In some, the nuclei were markedly positive, 
while in the majority only some chromatin particles of the nuclei showed moder- 
ate activity. A varying number of lymphocytes was found to be completely de- 
void of enzymatic activity. 








PSP L 06 009 = - ~ FE - 9YLE's €e €&é 009 SL orl 





(§) ST[BjJefF Stsojpse[qosyyAagy rc | CT 
0OFSI o¢ 000°08 : = ss 7 &S FI 0083 3G FE 000°0F O'cL SI[BJOF SISOSB[Gos1ypAIy XI ial 
8tecr 88 000‘8ZI - f t Osc‘I¢ FE 8¢ 000‘9¢ #9 SUBJOF SIsoysepqosyyAry A eI 
000°GI 08 000°00L ; 9 FE 00o°cT = OL O¢ 000°'SR = GLE BIMGUB UBIUBIII} IPI I Pst 
66F'S $8 0OF'S I I c LS sOL‘OL 6 63 009°96 vL BIULIUB UBIUBIII} IPI I 
OSF'6 CF 000°EL : ‘ 9 FE " 00O'TS 8 ct 00O'EF 80'S GIMOUY WBIUBIII}I pI I él 
cce'Fl CL 000°16 ‘ pa L4G OFL‘6L §=¢ ey 000°66 = Ga’e BIMOUB UBIUBIIO} [pa cI 3G 






























“ASVLVHdSOT' 


9E8'F SL «SEF 8 t Z otl9 98 OL OOFE FD syrydés [eymesu0) = 
aL9 og ; t FC PrE'T c LE 008° Cly vuopedAur a[dy[nyy W OL 
LOGE c9 - $ ¢ St S8F'S 61 LE 008°6 CIF BIMGUB ][99 VXI W 6 
6f6'8 06 : I € tf FS6'6 ” £9 008'cL Cot BIUIGUB [CUO NNT A 8 
cI 0G G G Yt OLE" ol OL 008") 02S syytydou oruosyy) A Z 
966'T #¢ G G Ot 969°E i) oc COL a[qipuvul Jo 190 
-uvo pub BiueuR AIBpUOdvIg Ww 9 
oI8'¢ OF 81 O8S'6 G O8 Clt CHS _ daoyn Surpooiq a c 
ocet 09 I lz PSs'L ¢ @! 9 Vs Sutped[q eure) A t 
LOS'F OL es - - CZ ~ L6¢°9 - LL ery FT BIUIGUR SNODMIUIdg 4a ° 
o9L'T tf ; . 35 pe = 9G - OFYS ine 0009 CLP Ul BIWVUB SNOLIUIIg W Z 
FIL  =—s OE ~—SOT “ = - - oe - OSes t £9 00es coe Dag § VIULBUB SNOLIIULIg aT I 
<< tf. = Seite late | oe iselce Z =o locas = = e = a wn 
. i) £e sbleo|e2/sa2 |selss £ Ba [aoe Sa 5 s c 
rf wman| ws mo mt Deiat ~~ Po |e K : Qa 2 q 
Q | oe | T ba Fi oS = A :) al Q y re Q oa : y ss 
a i= | Se ePie2i|en aoc |aeklas » eg lars x 2 = S a 
io) | mm if ag SP) a oil ae) HO] oO = Be [ab S fo | ie D = 
= 7 | bs | 42a] 248 a 25 2o|44 = 424591205 x on 
: ; &8 fes| eB] 8 B=i/as a5 | , Haig”? 2 a ~ = 
| es =e) a — —~y |e ~ me OR 4 - 
cnawwmrrannsinerwar| = ee [ ee a es | ? . | 
SWHHdOULIAN | = we | “| ie beeen | 
GALLISOd | | | SALAQOON'I | 
| ATH dOU“LAAN | | 


X WIV 






ALKALINE PHOSPHATASE ACTIVITY IN BLOOD AND BONE MARROW CELLS 13 


COMMENT 


Enzymes in white blood cells, apart from oxydase and peroxydase, have 
provoked much interest. Proteolytic ferments,'’'® amylase,’ '°'’ maltase,’® 
glycolytic enzyme,’ '® lipase!’ 1° 1° catalase,?’ and nucleotidase”! have all been 
demonstrated. They occur apparently in considerably larger quantities in leuco- 
eytes than in lymphocytes.'® Different enzymes have also been found in leu- 
cemie blood eells.?* 7% 

The fact that the formed elements of the blood contain a phosphatase ester- 
splitting enzyme was found very soon after phosphatase activity was demon- 
strated in blood serum. While phosphatase of the red blood cells exerts its 
optimal activity in an acid medium (ph 4.8 to 6.1),?4-?° the leucocytes were found 
to contain a phosphomonoesterase whose optimal activity is around ph 9, like 
that of the blood serum.*-?* 31-33 This phosphatase activity of leucocytes was 
found to be only weak by Fiessinger and Boyer*? but very marked by all other 
investigators in the leucocytes of man and different animals. 

Weak activity was reported in the leucocytes of a case ofemyeloid leucemia 
by Fiessinger and Boyer. Iwatsuru and Nanjo** found, however, strong phos- 
phatase activity in the blood of a patient with myeloid leucemia. Normal values 
were found in the blood of a patient with acute lymphatie leucemia.*®* The 
Japanese investigators*® stated that not only neutrophilic but also eosinophilic 
leucocytes contain large amounts of alkaline phosphatase. Their results have, 
however, been doubted because of methodical reasons by Albers.*? Albers found 
normal phosphatase values in the serum of lymphatic and myeloid leucemias. 

In tissue sections strong alkaline phosphatase activity of leucocytes was 
observed by Gomori in rabbits and guinea pigs** and by Fell and Danielli in 
rats.*° Leucocytes are also frequently phosphatase positive in tissue sections 
from human material. In blood films of the chicken, dog, and mouse, no activity 
was found, while in guinea pigs, rabbits, and rats most of the polymorphonu- 
clear leucocytes (heterophiles) were strongly positive. Gomori found that in 
blood films, the leucocytes of guinea pigs were constantly positive, while those 
of the rat, rabbit, and ground hog were only occasionally the site of phosphatase 
activity.“° The nucleated red cells of frogs showed, in the majority, strong 
activity. This is in good agreement with the observations of Rapoport and co- 
workers,*! who found strong phosphatase activity in frog blood on chemical ex- 
amination. Contrary to Gomori,** we found the leucocytes of human blood to 
reveal phosphatase activity in varying degrees. 

By chemical methods phosphatase activity was found in the bone marrow 
of the mouse.*? The findings in tissue sections are somewhat contradictory. 
Bourne** found most of the nuclei of bone marrow cells positive, while Taka- 
matsu? and Kabat and Furth,‘ on the other hand, reported the bone marrow 
cells to be mostly devoid of phosphatase activity. 

In mouse lymph nodes, a moderate amount of alkaline phosphatase activity 
was found by chemical examination.*? This agrees well with the moderate phos- 
phatase activity noticed in touch preparations and paraffin sections from human 
lymph nodes and tonsils. However, in paraffin sections from human material, 
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lymphocytes are found to show activity not only at their site of formation, but 
also in foci of chronic inflammation. The fact that lymphocytes in the circulat- 
ing blood are negative, but in the tissues frequently positive, has been stressed 
by Gomori. 

The markedly increased phosphatase activity of blood cells in inflammations 
is interesting. With the subsidence of the inflammatory process in the body, 
the intensity of the phosphatase reaction in polymorphonuclear leucocytes de- 
creases considerably. In contrast to this phenomenon is the behavior of the 
circulating leucocytes in chronic myeloid leucemias. In spite of the overproduc- 
tion of not only immature, but also mature, leucocytes, these cells appear to be 
deficient in phosphatase activity. The changes of phosphatase activity in leuco- 
eytes under abnormal conditions pose the question of the possible significance of 
alkaline phosphatase activity. 

According to Albers,** phosphatase is present in all cells in which earbohy- 
drate metabolism takes place: in plants, in organs of lower and higher animals, 
as well as in monocellular organisms. Because of the importance of the phos- 
phorie acids for many metabolic processes, phosphatases are one of the most 
widely distributed enzyme groups. Substrates are carbohydrate-phosphorie acid 
esters, phosphoproteins, phospholipids, and nucleiniec acids. 

Not too many specific functions, however, have been attributed to the 
phosphatases. It is probable that they are of great importance for the eal- 
cification of living and recently necrosed tissue.*® The wealth of the alkaline 
phosphatases in the cortex of the kidney, as well as the intestines, has led to 
the assumption that the enzyme is concerned with the transportation of carbo- 
hydrates through the kidney tubules and intestinal mucosa.*® *® Under certain 
conditions, such as intoxication with uranium nitrate,‘? hydronephrosis,*® 4 
choline deficieney,® and seurvy,*® decrease in alkaline phosphatase of the kidney 
has been described. In tissue sections stained for alkaline phosphatase, a very 
striking activity of the vascular endothelium is seen.* > * 4° 

While the liver, probably the main site for the excretion of alkaline phos- 
phatase, contains only small amounts of this enzyme under normal conditions, 
very marked increase occurs in protein deficiency, probably due to altered 
cell metabolism.*° 

Since the introduction of the Warburg technique, the metabolism of leuco- 
cytes from exudates as well as from normal and leucemic blood has been re- 
peatedly examined. The previous work has been critically reviewed by 
Kempner.®*? On the basis of the findings in the literature, as well as of his ex- 
periments, Kempner concludes that immature leucocytic cells, both of lymphatic 
and myeloid origin, have a purely oxidative metabolism without any aerobic 
lactic acid formation. In contrast, the more mature granulocytes show strong 
lactic acid formation under aerobic conditions. This is interpreted not as a sign 
of a malignant quality of these cells, but rather as an expression of their aging 
and possible damaging influences of the experimental conditions. No significant 
changes are present between granulocytes from normal and leucemic blood.*? 
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These findings are especially interesting in view of the different behavior 
of the phosphatase reaction in granulecytes from exudates and of blood during 
infection, on one hand, and in granulocytes from leucemie blood on the other. 
The marked increase in alkaline phosphatase activity in the former group in- 
dicates apparently the intensification of metabolic processes which are taking 
place to a lesser degree in granulocytes of normal blood and are markedly de- 
pressed or lacking in leucemie blood cells. 


SUMMARY AND CONCLUSION 


In films of normal human blood, a varying proportion of neutrophilic leuco- 
eytes showed alkaline phosphatase activity. The number of positive cells, as 
well as the intensity of the reaction, increased markedly in infections. The leu- 
coeytes in purulent exudates showed strong activity. In bone marrow prepara- 
tions from normal individuals, as well as from those suffering from infections, 
a much larger proportion of positive reacting cells was found than in the 
circulating blood, suggesting that phosphatase activity is already acquired 
by the leucocytes in the bone marrow. LEosinophiles, as well as lymphocytes, 
including the abnormal lymphocytes seen in infectious mononucleosis, are devoid 
of phosphatase activity. In twelve of thirteen patients with lymphatic leucemia, 
the leucemie cells showed no phosphatase activity. In fourteen patients with 
acute myeloblastie leucemia, the immature cells were phosphatase negative and 
there was apparent lack of activity in the remaining granulocytes in two 
patients. The depression of activity in neutrophiles was more marked in pa- 
tients with chronic myeloid leueemia, only two of thirteen showing phosphatase 
activity in these cells comparable to that seen in normal blood films. In one 
instance of nonleucemic myelosis, many granulocytes gave a strong phosphatase 
reaction. Circulating nucleated red blood cells showed only oceasional activity 
in their nuclei. These cells were mostly phosphatase negative in bone marrow 
preparations from normal subjects but were more frequently the site of en- 
zymatic activity in bone marrow of patients suffering from infections as well 
as from different kinds of anemias. 

Among different animals, the neutrophiles (heterophiles) of the guinea 
pig, rat, and rabbit, and most of the nucleated red cells of the frog showed 
strong alkaline phosphatase activity, while the blood cells of the chicken, mouse, 
and dog were negative. 

The increased enzymatie activity in neutrophiles under inflammatory stim- 
uli signifies probably increased cell metabolism. While no practical application 
of the phosphatase reaction for hematologic purposes can so far be recognized, 
the depression in activity in the granulocytes of chronic myeloid leucemia is of 
some interest. 


I wish to express my appreciation to Dr. A. Gitlitz, pathologist at Christ Hospital in 
Jersey City, N. J., to Dr. J. Guedemann, pathologist at Beth David Hospital, New York, 
N. Y., and to Dr. Leo D. Moss, pathologist at the Olean General Hospital and St. Francis Hos- 
pital in Olean, N. Y., for providing some of the material used in this study. 
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THE EFFECTS OF ADRENALIN AND NEMBUTAL ANESTHESIA ON 
BLOOD CONSTITUENTS BEFORE AND AFTER SPLENECTOMY 


K. G. Waxkim, M.D., PH.D. 
INDIANAPOLIS, IND. 
With EXPERIMENTAL COLLABORATION OF J. W. Mason, B.A. 


HILE making observations on members of a party taking a voyage to the 

Peruvian Andes, Bareroft' noted an increase in the concentration of hemo- 
globin on crossing the equatorial zone and a decline on arriving in colder regions. 
After some deliberation, he suspected that the spleen might be a hiding place 
for blood—a hypothesis which Bareroft and associates?’ have amply proved by 
careful experiments on laboratory animals. By the use of x-ray and by methods 
involving exteriorization of the spleen, they demonstrated that the spleen con- 
tracted following hemorrhage, exercise, and death. In addition to other findings, 
the delayed saturation with earbon monoxide of the hemoglobin in the spleen 
led to the conclusion that the spleen serves as a blood reservoir. In dogs, they 
reported that upon contraction, the spleen squeezes into the general circulation 
an amount of blood equal to about one-fifth of the total blood volume. 

In the light of the discovery of this function of the spleen as a blood reser- 
voir, one can clearly understand the basis for the wide ranges in weight of the 
spleen as given in standard textbooks of anatomy. One book’ sets the range he- 
tween 50 and 400 Gm. while another* puts it between 80 and 300 Gm. In a 
study of initial and maximal volumes of twenty spleens from unembalmed bodies 
at post-mortem examination, Wu® found the potential capacity available in the 
spleen for storage of blood to range from 60 to 400 ¢.c. Since the spleens were 
from elderly individuals and since with senescence the expansibility and con- 
tractility of the organ diminishes, he stated that the capacity of the ‘‘normal”’ 
spleen to serve as a blood reservoir should be greater than his findings indicated. 

In normal individuals, in patients with splenomegaly, and in splenectomized 
patients, Yang’? made a study of the hemoglobin concentration and the red, 
white, and differential cell counts before and after subcutaneous injection of 
from 0.5 to 1 ¢.c. of 1:1000 adrenalin. He observed a marked decrease in the 
size of the organ in patients with splenomegaly and a definite increase in hemo- 
globin concentration and in the red and white cell counts during its contraction 
following adrenalin injection. The increase in red cell counts ranged from 
430,000 to 1,100,000; that of hemoglobin, from 4 to 20 per cent; and that of the 
white cells, from 5,000 to 27,000. In normal individuals the increase in blood 
constituents was not as marked as in those with enlarged spleens. Splenec- 
tomized patients showed no increase in hemoglobin or red cells after adrenalin 
injection, but the white cells showed increases ranging from 2,000 to 10,000. 
These increases in blood constituents were attributed to contraction of the spleen 
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following administration of adrenalin. In another communication, Yang and 
Chang" stated that accompanying the polycythemia and splenic contraction, pro- 
dueed by subcutaneous injection of adrenalin into normal and splenomegalic 
human subjects, there was no appreciable change in blood volume. Their 
splenectomized patients showed no significant polycythemia following injection 
of adrenalin. In studies similar to those of Yang, Benhamou’? observed that 
upon administration of adrenalin, moderate but transient increases in the red 
cell counts and platelets occurred except in the splenectomized patients. The 
lack of inerease in cell counts in the splenectomized patients was attributed to 
the absence of the spleen. In all patients, however, Benhamou noted a per- 
sistent leucocytosis and, consequently, coneluded that the contraction of the 
spleen played no role in the increase of white cells. 


In a study on splenomegalice patients and on three individuals after splenec- 
tomy, Schenk!* obtained, in every instance, a rise in the red cell count, the white 
cell count, and in the hemoglobin concentration following subcutaneous admin- 
istration of from 1 to 2 mg. adrenalin. In his observations on a series of pa- 
tients with hemolytie jaundice and macrocytie hemolytic anemia, Watson" re- 
peatedly noted that subcutaneous injection of adrenalin produced a marked in- 
erease in the number of circulating erythrocytes which was usually associated 
with an obvious shrinkage of the enlarged spleen. At the time of splenectomy 
for various diseases, Watson and Paine!’ studied the hematocrit, hemoglobin 
concentration, and the erythrocyte content of venous blood from the spleen 
before and after injection of adrenalin into the splenic artery. They obtained 
a marked increase in the erythrocyte content after administration of adrenalin. 
However, this increase in red cell count was associated with a decrease in mean 
corpuscular hemoglobin concentration. They attributed the decrease in hemo- 
globin to a possible intracorpuscular degradation of a fraction of the hemo- 
globin within the erythrocytes during their sequestration in the spleen. They 
observed that under the influence of adrenalin the contraction of the spleen was 
so marked in some eases that it facilitated the delivery of an enlarged spleen 
through the abdominal incision. In a study of the effect of subcutaneous injec- 
tion of adrenalin on blood constituents in patients before and after splenectomy, 
Patek and Daland'*® obtained no significant change in the red cell count, hemato- 
crit or hemoglobin concentrations. In all cases, however, they obtained a leuco- 
eytosis which was not any different in patients with spleens than in those after 
splenectomy. They coneluded that the changes observed were not due to con- 
traction of the spleen but to a mechanical alteration in the blood stream. They 
suggested that the white cells lying along the periphery of blood vessel walls, 
or pooled in inactive beds, were thrust into the axial stream by active contrac- 
tions of the blood vessel or by an increased velocity of the axial stream. In a pa-- 
tient having both anemia and splenomegaly, Miller and Rhoads" induced and, 
by the use of x-ray, observed contraction of the spleen by intravenous injection 
of liver extract and by intramuscular injection of adrenalin, histamine, or 
eserine, A marked inerease in the cellular elements of the blood followed the 
contraction of the spleen. By means of x-ray they observed that an intramuscu- 
lar injection of 1 ¢.c. of adrenalin caused contraction of the spleen from an area 
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of 109.0 sq. em. to an area of 48.7 sq. em. Accompanying this splenie contrac- 
tion the concentration of hemoglobin in the cireulating blood increased 19 per 
cent and the white blood cells increased 172 per cent. 


In a monograph on the physiology of the spleen, Lauda'® cited evidence in- 
dicating that contraction of the spleen is an important factor in the production 
of an inerease in the red cell count after injection of adrenalin and that the 
erythrocytes from the splenic vein are less resistant to hypotonic saline than 
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those from the splenie artery. Lauda and Haam" reported that in dogs under 
chloralose anesthesia the increase in the red cell content of the blood is brought 
about by the outpouring of blood from the contracting spleen upon injection 
of adrenalin. They stated that chloralose anesthesia leads to engorgement of 
the spleen. In splenectomized animals, they obtained no increase in the red 
cell content of circulating blood upon administration of adrenalin. They ob- 
served that in the rat the blood reservoir function of the spleen is of much 
smaller magnitude than it is in the dog. Bergenhem and Fahraeus”® suggested 
that the reservoir function of the spleen is not primarily for keeping a portion 
of the blood out of circulation as a reserve, but that along with this, a chemical 
change is produced in lecithin leading to the formation of lysolecithin, which 
plays an important role in the destruction of red blood cells. Schafer and 
Moore?! obtained marked contraction of the spleen upon administration of ex- 
tracts from the adrenals. Lim and Hou?? demonstrated that both the denervated 
and the innervated halves of the divided spleen in dogs contracted during ex- 
ercise as a result of the liberation of adrenalin. 

By direct transillumination of the mammalian spleen in vivo, MacKenzie 
and associates** observed that adrenalin causes a rapid emptying of the erythro- 
cytes from the splenic pulp. Edmunds and Stone** obtained an increase in 
white blood cells, red blood cells, and hemoglobin concentration after injection 
of adrenalin into dogs in the presence of the spleen as well as after splenectomy. 
Krey* reported that the characteristic leucocytosis in intact rabbits, after admin- 
istration of adrenalin, disappeared after splenectomy. However, in guinea pigs, 
removal of the spleen had no effect on the response. He reported on a splenec- 
tomized patient in whom leucocytosis was obtained after administration of 
adrenalin. Cruickshank*® observed that in cats the increase in hemoglobin econ- 
centration of the fluid expelled from the splenic pulp ,upon stimulation of the 
nerves along the splenic artery, amounted to from 20 to 40 per cent above that 
of normal peripheral blood. He stated that the amount of blood which could 
be expelled into the general circulation by contraction of the spleen resulting 
from stimulation of the splanchnic nerves ranged from 2.6 to 5.6 per cent of 
the total blood volume of the animal. This amount was double the post-mortem 
weight of the spleen. 

Several investigators***° reported that, upon administration of adrenalin, 
the intrahepatie vessels are constricted and the circulation of the liver is im- 
peded with a consequent increase in lymph flow and in transudation of fluid. 
This gave support to the suggestion that, upon injection of adrenalin, the spleen 
expels chiefly corpuscles into the general circulation, while the plasma which 
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accompanies the corpuscles is absorbed during its passage through the liver and, 
consequently, the circulating blood volume is not increased. McLaughlin sug- 
gested that the constriction of the smooth muscles in the walls of the hepatic 
veins increased the filtration pressure and caused a greater production of lymph. 
Lamson stated that constriction of the hepatic veins with loss of plasma con- 
tributes to the increase in red blood cell counts and hemoglobin concentration 
following administration of adrenalin. 

We have frequently observed a striking increase in the size of the spleen 
at laparotomy performed on dogs anesthetized with nembutal (pentobarbital 
sodium). Furthermore, it has been reported that during anesthesia with bar- 
biturate compounds the circulating red blood cells are decreased.*!"** After out- 
lining the spleen with pellets of lead, Hausner, Essex, and Mann** observed by 
means of roentgenograins that anesthesia with barbiturates caused marked en- 
largement of the spleen. They also found a definite reduction in the number 
of erythrocytes and in the concentration of hemoglobin in the peripheral! blood. 
In their study of the effect of acute hemorrhage in intact and splenectomized 
dogs under anesthesia with pentobarbital sodium, Carr and Essex*® reported that 
acute hemorrhage in the splenectomized dog caused a rapid decrease in the con- 
centration of hemoglobin, while in the intact dog acute hemorrhage produced 
an inerease followed by a slow decrease in the concentration of hemoglobin. 
They obtained practically no decrease in concentration of hemoglobin by an- 
esthetizing splenectomized dogs with pentobarbital sodium. 

The purpose of this study was to investigate the effects of adrenalin on the 
blood constituents in dogs under nembutal anesthesia and without anesthesia be- 
fore and after splenectomy. We were interested in securing data that might 
help answer the following questions: (1) Would adrenalin increase the blood 
cell count and the hemoglobin concentration after surgical removal of the 
spleen? If so, to what extent? (2) Would adrenalin have any effect on the 
concentration of total plasma proteins in the presence, as well as in the absence, 
of the spleen? (8) What is the difference in concentration of the various con- 
stituents in blood from the external jugular and from the splenic veins during 
contraction of the spleen under the influence of adrenalin? (4) Would nembutal 
anesthesia bring about hemodilution after splenectomy? (5) What effect would 
nembutal anesthesia have on the concentration of plasma proteins before and 
after splenectomy ? 

METHODS 


Six adult healthy dogs weighing between 7 and 10 kilograms kept under 
identical laboratory conditions were used in this study. The hair on the ventral 
surface of the neck was shaved and blood samples were withdrawn from the 
external jugular vein and oxalated to prevent coagulation. The red and white 
cell counts were made by the usual procedure using Hayem solution for the red 
count and 1 per cent acetic acid for the white count. The concentration of hemo- 
globin was determined by the use of the Sheard-Sanford* photelometric method. 
The total plasma proteins were determined by the micro-Kjeldahl method. 
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Three times a week, control values of the red cell count, white cell count, 
hemoglobin concentration, and plasma protein concentration were determined 
on each of the dogs used in this study. After control values were established, 
similar determinations were made on the same dogs immediately before and to- 
ward the end of the second minute after an intravenous injection of 0.5 ¢.c. of 
1:1000 solution of adrenalin hydrochloride. After the effects of adrenalin alone 
were established, another series of determinations was made on each of the dogs 
as follows: Control blood samples were withdrawn, after which the animal was 
given, per kilogram of body weight, 30 mg. of nembutal in physiologic saline, 
intraperitoneally. Half an hour later, while the animal was under nembutal 
anesthesia, another sample of blood was withdrawn and was followed by an 
intravenous injection of 0.5 ¢.c. of 1:1000 adrenalin hydrochloride; before the 
end of the second minute after the adrenalin injection, another blood sample was 
taken. The same series of determinations—those for controls, those after adren- 
alin alone, and those after nembutal anesthesia and adrenalin—were repeated 
about one week after splenectomy was performed on each of the dogs used in this 
investigation. After laparotomy was made under nembutal anesthesia, the outer 
surface of the spleen was computed before and after the injection of adrenalin 
and a blood sample was taken from the splenic vein while the spleen was con- 
tracting consequent to the adrenalin administration. 

The lateral surface of the spleen was determined by laying near its external 
surface a sterile cloth and cutting it in line with the contour of the spleen. This 
was done before and after injection of adrenalin . Splenectomy was performed 
according to the usual standard surgical procedure and under aseptic technique. 
All six animals had an uneventful recovery. 

RESULTS 

Changes in Concentration of Hemoglobin in Circulating Blood. 

Before Splenectomy: Blood samples taken from the external jugular vein 
about 100 seconds after the intravenous injection of 0.5 e.c. of 1:1000 adrenalin 
chloride solution into intact, unanesthetized dogs before splenectomy showed 
an average increase in hemoglobin concentration of 1.2 Gm. with a range of from 
0.6 to 2.8 Gm. per 100 ec. of blood. Expressed in percentage, the increase in 
hemoglobin produced by adrenalin before splenectomy and without anesthesia 
averaged 9.1 per cent, with a range of from 4.3 to 22.7 per cent over the control 
values. 

The same dose of adrenalin similarly administered into the same intact dogs 
under nembutal anesthesia produced a greater increase in the concentration of 
hemoglobin than it did without anesthesia. Expressed in grams, the inerease in 
hemoglobin produced by adrenalin under anesthesia averaged 3.5 Gm., with a 
range of from 0.9 to 5.0 Gm. per 100 ¢.c. of blood. Expressed in percentage, 
the increase in hemoglobin averaged 32.7 per cent, with a range of from 7.0 to 
53.8 per cent over the values under anesthesia before adrenalin was administered 
(Tables I, II, and III). 

Nembutal anesthesia alone caused a reduction in the concentration of 
hemoglobin in circulating blood. Thirty minutes after the onset of nembutal 
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TABLE II, Frrect or NEMRUTAL ANESTHESIA ON CONCENTRATION OF HEMOGLOBIN IN 
CIRCULATING BLOOD BEFORE AND AFTER SPLENECTOMY 


























BEFORE SPLENECTOMY AFTER SPLENECTOMY 
HEMOGLOBIN CONCENTRATION GM./100 C.c. HEMOGLOBIN CONCENTRATION GM./100 C.C. 
% DIFFER- 
ENCE BEFORE 
30 MIN. 30 MIN. AND AFTER 
BEFORE | AFTER | DIFFERENCE BEFORE| AFTER DIFFERENCE SPLENEC- 
DOG ANES. | ANES. GM. % ANES. ANES. |} om. | &% TOMY 
1 14.2 11.5 2.7 19.01 12.4 Th 0.7 5.64 13.37 
2 12.1 10.6 1.5 12.4 12.1 11.7 0.4 3.3 9.1 
3 14.2 12.3 1.9 13.38 12.7 12.2 0.5 3.93 9.45 
4 13.9 10.9 3.0 21.58 12.4 11.9 0.5 4.0 17.58 
5 14.9 12.8 2.1 14.09 11.5 11.2 0.3 2.6 11.49 
6 11.7 9.3 2.4 20.51 12.2 11.5 0.7 5.74 14.77 





TABLE III. EFrrects OF ADRENALIN WITH AND WITHOUT NEMBUTAL ANESTHESIA ON CON- 
CENTRATION OF HEMOGLOBIN IN CIRCULATING BLOOD BEFORE AND AFTER SPLENECTOMY 














Jo ANCREASE PRODUCED BY ADRENALIN YJ INCREASE PRODUCED BY ADRENALIN 
WITHOUT ANESTHESIA DURING ANESTHESIA 
J BEFORE Yo AFTER % % BEFORE % A¥TER “) 
DOG |SPLENECTOMY |SPLENECTOMY | DIFFERENCE |SPLENECTOMY |SPLENECTOMY | DIFFERENCE 
1 11.51 2.22 9.29 33.90 3.42 30.48 
2 5.30 4.00 1.30 46.20 5.98 40.22 
3 6.45 2.74 3.71 35.70 5.73 29.97 
4 4.35 3.20 1.15 19.27 3.36 15.91 
5 4.55 1.53 3.02 7.03 0.89 6.14 
6 22.76 3.71 19.05 53.76 8.70 45.06 





anesthesia, blood samples taken from the external jugular vein of intact (not 
splenectomized) dogs showed a reduction in hemoglobin averaging 2.3 Gm., with 
a range of from 1.5 to 3.0 Gm. per 100 ¢.c. of blood as compared with the con- 
trol values obtained before the administration of nembutal. This reduction in 
hemoglobin concentration expressed in percentage averaged 16.8 per cent, with 
a range of from 12.4 to 21.5 per cent, as compared with the control values be- 
fore anesthesia. 

After Splenectomy: After the same dogs were splenectomized, administra- 
tion of adrenalin (same amount and route as stated previously) without nem- 
butal anesthesia produced an average rise in hemoglobin concentration of 0.4 
Gm., with a range of from 0.2 to 0.5 Gm. per 100 ¢.c. of blood. Expressed in 
percentage, the increase in hemoglobin concentration averaged 2.9 per cent, 
with a range of from 1.5 to 4.0 per cent over the control values before adrenalin 
was administered. Under nembutal anesthesia, the same intravenous dose of 
adrenalin given to the same splenectomized dogs produced an average increase 
in hemoglobin concentration of 0.6 Gm., with a range of from 0.1 to 1.0 Gm. 
per 100 ec. of blood. Expressed in percentage, the increase in hemoglobin 
averaged 4.7 per cent, with a range of from 0.9 to 8.7 per cent over the values ob- 
tained under anesthesia before adrenalin was given (Tables I, II, and III). 

After splenectomy, nembutal anesthesia alone (under the same conditions 
as stated before removal of the spleen) caused a reduction in the concentration 
of hemoglobin averaging 0.5 Gm., with a range of from 0.3 to 0.7 Gm. per 100 
e.c. of blood. Expressed in percentage, the reduction in concentration of hemo- 
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globin in splenectomized dogs under the influence of nembutal anesthesia aver- 
aged 4.2 per cent, with a range of from 2.6 to 5.7 per cent, as compared with the 
control values before administration of the anesthetic. 

Analysis of the data indicates definitely that nembutal anesthesia caused 
hemodilution and reduction in the concentration of hemoglobin in intact as well 
as in splenectomized dogs; however, the hemodilution is greater and the average 
percentage reduction in the concentration of hemoglobin is four times greater be- 
fore removal of the spleen than after splenectomy. 


Changes in Red Cell Counts in Millions Per Cubic Millimeter.— 


Before Splenectomy: The intravenous administration of 0.5 ¢.c. of 1:1000 
adrenalin chloride solution without anesthesia caused an average rise of 0.63 
million red cells per cubic millimeter, with a range of from 0.15 to 1.25 million 
in the total red cell count over that of the control. Nembutal anesthesia caused 
an average reduction in the total red cell count of 0.98 million per eubie milli- 
meter, with a reduction range of from 0.80 to 1.14 million red cells per cubic 
millimeter. The same dose of adrenalin as mentioned, given one-half an hour 
after the onset of nembutal anesthesia, caused an average rise in the red cell 
count of 1.40 millions per cubie millimeter, with a range in rise of from 0.55 to 
2.28 millions per cubic millimeter over the count taken under anesthesia before 
adrenalin was administered (Table I). 

After Splenectomy: After removal of the spleen, intravenous administra- 
tion of 0.5 ¢.c. of 1:1000 solution of adrenalin chloride without anesthesia pro- 
duced a slight increase in the red cell count in five dogs ranging from 0.12 to 0.69 
million per cubic millimeter; in the sixth dog there was a slight reduction which 
is probably an error in the count, because the hemoglobin showed an increase as 
seen in Table III. After removal of the spleen, nembutal anesthesia still caused 
a reduction in the red cell count averaging 0.46 million per cubic millimeter, with 
a reduction range of from 0.28 to 0.91 million red cells per cubic millimeter, as 
compared with the control red cell count before nembutal was administered. 
After splenectomy, the intravenous administration of the same dose of adrenalin, 
one-half an hour after the onset of nembutal anesthesia, still produced a rise in 
red cell count averaging 0.39 million per cubic millimeter, with a range of from 
0.21 to 0.70 million per cubie millimeter, as compared with the count under 
anesthesia before adrenalin was administered. 

Comparison of the changes produced in the red cell counts before and after 
splenectomy indicates that before removal of the spleen the most significant 
change in the red cell count is produced by adrenalin when the animal is under 
anesthesia. In addition to hemodilution, nembutal anesthesia causes relaxation 
and engorgement of the spleen. This accounts, at least in part, for the difference 
in increase of the red cell count in the dogs before and after splenectomy under 
the influence of adrenalin and nembutal anesthesia (Table I). 


Changes in White Cell Counts in Thousands Per Cubic Millimeter.— 


Before Splenectomy: The intravenous administration of 0.5 ¢.c. of 1:1000 
solution of adrenalin chloride without anesthesia caused an average rise of 3.4 
thousand, with a range of from 1.3 to 7.4 thousand in the total white cell count 
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above the control value. Nembutal anesthesia alone produced a reduction 
averaging 2.3 thousand, with a range of from 0.9 to 3.9 thousand, as compared 
with the control count which was made immediately before the administration 
of the anesthetic. The same dose of adrenalin administered one-half an hour 
after the onset of nembutal anesthesia produced an average rise of 4.5 thousand, 
with a range of from 3.0 to 6.4 thousand above the count taken before the admin- 
istration of adrenalin (Table I). 


After Splenectomy: After removal of the spleen, intravenous administra- 
tion of 0.5 ¢.c. of 1:1000 solution of adrenalin chloride without anesthesia pro- 
duced an increase of about 4 thousand in the white cell count in each of two dogs, 
as compared with the control, while in the other four dogs there was a slight re- 
duction ranging from 0.1 to 3.7 thousand per cubic millimeter. Nembutal an- 
esthesia, after removal of the spleen, caused a reduction of the white cell count 
averaging 3.8 thousand, with a range of from 0.5 to 9.4 thousand white cells 
per cubic millimeter below the control values. After splenectomy, the intra- 
venous administration of adrenalin under nembutal anesthesia caused an aver- 
age inerease in the white cell count of 1.6 thousand, with a range of from 0.5 to 
3 thousand white cells per cubic millimeter. After splenectomy, the control 
white cell counts in Dogs 1, 5, and 6 (Table I) showed significant increases over 
the control counts before removal of the spleen. This is attributable to post- 
operative reaction. 

Changes in Concentration of Plasma Proteins—The total plasma protein 
concentration in the unanesthetized dogs was not significantly altered following 
the administration of adrenalin either before or after splenectomy. The slight 
variations in plasma protein level as shown in Table I remained within the ex- 
perimental error of the method. Nembutal anesthesia before splenectomy pro- 
duced a slight reduction in the concentration of plasma proteins averaging 0.4 
Gm. per cent, with a range of from 0.15 to 0.55 Gm. per cent. After splenec- 
tomy, anesthesia caused a reduction in plasma protein concentration averaging 
0.22 Gm. per cent, with a range of from 0.12 to 0.36 Gm. per cent. Except for 
the slight dilution of the plasma proteins that was produced by nembutal an- 
esthesia, the other alterations in the plasma proteins under the various experi- 
mental conditions are of such a magnitude that they can be considered insig- 
nificant (Table I). 

Changes in the Surface Area of the Spleen.—At the peak of the effect of an 
intravenous injection of 0.5 ¢.e. of 1:1000 adrenalin chloride solution, the average 
decrease in the lateral surface area of the spleen under nembutal anesthesia was 
65.93 per cent, with a range of from 60.81 to 70.49 per cent (Table IV). This 
demonstrates that, under nembutal anesthesia, adrenalin contracts the spleen in 
dogs to approximately one-third its preinjection size. Upon exposure of the 
spleen after laparotomy, we noticed a slight reduction in the size of the spleen, 
an observation which indicates that the figures given may not be as accurate as 
they could have been if it were possible to get at the spleen without any manipu- 
lation whatsoever. 

Comparative Changes in Jugular and Splenic Blood.—In order to compare 
the effects of adrenalin on the various constituents of blood from the external 
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TABLE 1V. CHANGES IN LATERAL SURFACE AREA OF SPLEEN FOLLOWING INTAVENEOUS INJEC- 
TION OF ADRENALIN IN DoGs UNDER NEMBUTAL ANESTHESIA 














LATERAL SURFACE AREA IN SQ. CM. % DECREASE IN 
DOG | BEFORE ADRENALIN | AFTER ADRENALIN SURFACE AREA _ 
1 162.24 47.88 70.49 
2 206.28 80.84 60.81 
3 189.00 65.18 65.51 
+ 213.75 80.66 62.27 
5 141.40 43.20 69.45 
6 195.70 64.48 67.05 





TABLE V. COMPARATIVE CHANGES PRODUCED IN BLOOD WITHDRAWN SIMULTANEOUSLY fF'KOM 
EXTERNAL JUGULAR AND SPLENIC VEINS DURING SECOND MINUTE AFTER 
INTRAVENOUS ADMINISTRATION OF ADRENALIN 











HEMOGLOBIN R.B.C. W.B.C, PLASMA PROTEINS 
(@M./100 C.C.) (MILLIONS/C.MM.) | (THOUSANDS/C.MM.) (GM./100 C.c.) 
| 
| DIF- | DIF- DIF- 


JUGU-|SPLEN-| DIFFERENCE | JuGU-|SPLEN-| FER- | JUGU- |SPLEN-| FER- |JUGU-|SPLEN-| FER- 

DOG | LAR Ic GM. | %! LAR IC ENCE | LAR IC |ENCE] LAR Ic | ENCE 
1 16.2 17.1 0.9 5.50 7.71 8.39 0.68 16.2 20.0 3.8 5.50 5.80 0.30 

2 14.4 15.2 0.8 5.55 6.15 7.60 145 5.8 8.0 22 5.63 5.63 0.0 

3 17.1 19.8 15.84 7.02 7.79 0.77 6.0 108 48 4.84 4.76 0.08 

4 15.2 17.6 15.78 646 7.08 0.62 164 176 1.2 5.50 5.50 0.0 

5 17.3 19.2 A 6.86 7.09 0.23 12.6 128 02 5.67 5.63 0.04 

6 14.8 16.6 12.16 6.84 7.27 043 15.6 16.8 1.2 5.76 5.58 0.18 











me po po 
oO iRA 
= 
Po 
wn 





jugular and from the splenie veins, we took during the operation simultaneous 
samples from both veins at the time when the spleen was undergoing contraction 
as a result of an intravenous injection of adrenalin. Detailed data on such blood 
samples taken from each of the six dogs during the operation is shown in Table 
V. Blood withdrawn from the splenic vein during contraction of the spleen 
consequent to adrenalin injection showed an average increase in the red blood 
cell count of 0.79 million per cubic millimeter, with a range of from 0.23 to 1.45 
million per cubie millimeter over the count taken on blood simultaneously with- 
drawn from the external jugular vein. The concentration of hemoglobin in 
blood from the splenic vein showed an average increase of 1.7 Gm. per 100 e.c., 
with a range of from 0.8 to 2.7 Gm. per 100 ¢.e. over that of blood simultaneously 
withdrawn from the external jugular vein. Expressed in percentage, the hemo- 
globin content of blood from the splenic vein averaged 10.98 per cent, with a 
range of from 5.55 to 15.84 per cent higher than that from the external jugular 
vein. 

The white cell count on blood withdrawn from the splenic vein during con- 
traction of the spleen showed an average increase of 2.2 thousand per cubic 
millimeter, with a range of from 0.2 to 4.8 thousand per eubie millimeter over 
that taken from the external jugular. There was no significant difference in 
plasma protein concentration between blood from the splenic and that from the 
external jugular vein. 

SUMMARY AND CONCLUSIONS 


The effects of adrenalin and of nembutal anesthesia on the concentrations 
of hemoglobin and plasma proteins, and on the red and white blood cell counts, 
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were studied in intact and splenectomized dogs. The lateral surface area of the 


leen was determined under nembutal anesthesia before and after administra- 


tion of adrenalin. The following conclusions can be made from this study: 


1. Intravenous administration of adrenalin increases the concentration of 


hemoglobin and of the red cell count in circulating blood to a much greater ex- 
tent in intact than in splenectomized dogs. 


2. Nembutal anesthesia causes hemodilution with a reduction in hemoglobin 


concentration and in the red cell count and a slight reduction in the plasma 
protein concentration. 


3. The size of the spleen in dogs under nembutal anesthesia was decreased 


about 66 per cent by intravenous administration of adrenalin. 


4. The blood squeezed out by the spleen during its contraction under the in- 
ence of adrenalin had an average hemoglobin concentration of about 11 per 


cent higher than that of jugular blood. 


The authors wish to acknowledge their appreciation of the technical assistance given by 


Mr. Carl Reynolds and Mr. Leroy Carey. 
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PECTIN EXCRETION STUDIES IN THE HUMAN BEING 
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Corps, ARMY OF THE UNITED STATES, LIEUTENANT COMMANDER F'REDERICK 
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EMONSTRATION of the efficacy of pectin in increasing plasma volume’ ? 

and of its therapeutic value in the treatment of shock** ® preceded the de- 
velopment of a method for determining the pectin content of urine and blood. 
A recent publication gave an analytical method of converting pectin to a pentose 
and subsequently to furfural which makes it possible to recover 95 to 100 per 
cent of pectin added in vitro to animal tissues and fluids.® 

The importance of carrying out pectin excretion studies in the human 
being is evident from the following considerations: (1) The fate of any fluid 
injected into the body must be well accounted for before it can be considered 
innveuous; (2) its rate of appearance and disappearance in blood and urine 
should be correlated with its physiologic effects; (3) the optimum levels neces- 
sary for the production of a desired degree of hemodilution and the relation 
of the duration of hemodilution to excretion, as well as the relation of the blood 
to urine levels, should be known; (4) the influence of the shock state offers 
another problem, and finally; (5) the factor of renal function should also be 
investigated. 

METHODS 


In this study, twenty-six patients received between 1,000 and 3,000 c¢.c. of 
a 1.5 per cent solution of pectin in saline (buffered before administration) § 
intravenously at a rate of approximately one liter in ninety minutes. Ten of 
these patients were admitted for herniorraphies, whereas the remainder had 
a variety of medical and surgical diseases without involvement of the ecardio- 
vascular system, with the exception of three in whom the pectin was admin- 
istered for the treatment of postoperative shock. Pectin blood levels were de- 
termined before the infusion, after administration of each subsequent liter, and 
at twenty-four-hour intervals thereafter during the period of observation. The 
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samples were drawn in tubes containing ammonium and potassium oxalate. 
Simultaneously blood samples were drawn in test tubes containing heparin for 
the determination of hematoerit, hemoglobin, plasma density as index of total 
protein concentration, and sedimentation rate as previously described.» * In 
ten of the twenty-six patients the pectin excretion in the urine was also de- 
termined. Patients were asked to empty the bladder before the infusion and this 
sample was used as the control. Urine samples after administration of each liter 
of pectin and twenty-four-hour specimens thereafter were collected (with 
xylene as a preservative). Blood pressure, temperature, pulse and respiration, 
and any untoward effeets were also noted. 

The blood sample for pectin analysis was prepared as follows: 

Two cubic centimeters of oxalated blood were weighed and then mixed with 
13 ¢.e. distilled water, 2 ¢.c. of 10 per cent sodium tungstate solution, and 3 e.e. 
of 0.5 N sulfurie acid. After standing for fifteen minutes and centrifuging for 
thirty minutes, 2 ¢.c. of the centrifugate were steam distilled with 5 ¢.c. of 85 per 
eent phosphoric acid. Five cubic centimeters of the distillate were mixed with 
0.50 ¢.c. of aniline and 4.5 ¢.c. of glacial acetic acid, and the intensity of the 
color developed after standing fifteen minutes in the dark was determined by a 
photoelectric colorimeter. The urine sample was prepared by mixing 2 ¢.e. of 
urine with 10 volumes of 95 per cent aleohol. After an hour of standing the 
mixture was centrifuged, the supernatant liquid poured off, and the tubes with 
residue dried to remove alcohol. The dried residue was steam distilled with 85 
per cent phosphorie acid and the procedure carried out as for the blood distillate. 

Irom previous work® it was found that the solution of pectin used in this 
study produced 3.5 mg. furfural per cubic centimeter of pectin sol. Therefore, 
the control furfural value (per cubic centimeter of urine) was deducted from 
that found after infusion; the latter multiplied by the volume of urine gave the 
net or net total furfural value which, when divided by 3.5, gave us the apparent 
amount of furfural in the urine as pectin sol. The details of the method are 
described in another publication.® 


RESULTS 

The control value for blood furfural usually ranges from 0.02 to 0.09, with 
an overall average of 0.05 mg. per gram of blood. Control values in the same 
patient drawn at one-week intervals were identical. The average blood pectin 
levels attained immediately after infusion of 1,000 ¢.c. of a 1.5 per cent pectin 
solution in twenty-six patients were equivalent to 0.369 mg. of furfural per gram 
of blood (Fig. 1). The three patients that exceeded these averages most mark- 
edly were those treated for postoperative shock. 

The difference in the height of the blood pectin level in hospital control 
subjects and patients in shock is demonstrated by two representative cases in 
Fig. 4, in which also the higher degree of hemodilution in shock cases is in- 
dicated. 


The average blood pectin level after a continuous infusion of 2,000 ¢.c. of 
the solution was equivalent to 0.59 mg. of furfural per gram of blood, and in 
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no case was the rise after the second liter equivalent to the initial rise (Figs. 2 
and 3). A single patient given a continuous infusion of 3,000 ¢.c. attained a 
blood furfural level of 1.06 mg. per gram of blood, the highest blood level in 
the series (Fig. 2). 

The average of blood pectin levels twenty-four hours after infusion was 
equivalent to 0.14 mg. of furfural per gram of blood for those given 1,000 e.c. 
and 0.20 mg. for those given 2,000 ¢.c. or more. After twenty-four hours the 
blood levels of those receiving only 1,000 ¢e.c. fell to control values but remained 
significantly above control levels for seventy-two hours in those receiving 2,000 
e.c. or more. (Figs. 2 and 3.) 
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Fig. 1.—Maximal blood levels of pectin obtained by the administration of 1,000 c.c. of 
pectin to twenty-three patients not in shock (@) and three patients in shock (©) and its cor- 
relation with the percentage change in hematocrit thereby produced (as the index of hemo- 
dilution). There is some parallelism between hemodilution and the pectin level. 


In Fig. 1 is represented a plot of the percentage change in hematocrit, as 
index of hemodilution, at the end of infusion with the blood pectin level at 
that time in patients given 1,000 ¢.c. of pectin solution. There was not a con- 
stant relationship between these factors. However, there was a trend for the 
hemodilution to increase in proportion to the rise in the pectin level; the high- 
est blood levels were seen in cases with maximal hemodilution. This is particu- 
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larly true in the three patients in shock who showed more hemodilution than 
did the patients not in shock, as previously observed.® 

The control furfural values in the urine of the ten patients examined ranged 
between .01 and .05 mg. per cubic centimeter of urine with an average of 0.026 
mg. per cubic centimeter (Table I). The quantity of pectin appearing in the 
urine at the conclusion of the intravenous injection of 1,000 ¢.c. varied consid- 
erably in the ten patients, with an average of 151 ¢.c. (15.1 per cent) of the 
1,000 e.c. injected. Those who excreted insignificant amounts during this period 
usually voided 20 ¢.c. or less of urine. Those who received a second 1,000 c.e. 
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Fig. 2.—Correlation of blood pectin aati (as ssiiiaeaiain of furfural per gram of blood) 
with hematocrit (Ht.), total protein (Tp.), and sedimentation rates. Changes immediately fol- 
lowing the infusion of each liter of pectin and at twenty-four hour intervals thereafter. The 
pectin level parallels the onset and degree of hemodilution but not with its duration. The 
sedimentation rate bears a similar relationship. 
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excreted on an average an additional 138 ¢.c. during the administration of the 
‘ second liter (totaling 14.5 per cent of the total pectin injected). At the end 
eS of the twenty-four hour period those who had received 1,000 ¢.c. excreted an 
. average of 256 additional c.c. of pectin (totaling 40.7 per cent excretion of in- 
3 jected pectin. Those receiving 2,000 c.c. excreted an additional 448 e¢.c., totaling 
an average of 36.9 per cent excretion of injected pectin. During the forty-eight 
































TABLE I, VOLUME OF URINE AND PECTIN EXCRETION* IN TEN PATIENTS * 
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3.5 
(Each cubic centimeter of pectin produces 3.5 mg. furfural.) 
*During the period of initial infusion of 1,000 c.c. pectin solution, an average 15.1 per cent of the 


injected pectin already appeared in the urine. At the end of twenty-four hours, an average 38.5 per 
cent of injected pectin was in the urine, whereas the average total amount of pectin excreted during the 
entire period of observation was 46.6 per cent. 

hour interval the patients who received 1,000 ¢.c. excreted an average of 51.6 

¢c.c, (an average total excretion now of 45.9 per cent of injected pectin) and those 

receiving 2,000 ¢.c., an average of 117 ¢.c. (an average total excretion of 42.7 per 

cent at the end of forty-eight hours). Significant exeretion during the seventy- 

two hour interval occurred only in those receiving 2,000 ¢.c.; thereafter those 

receiving 1,000 and 2,000 ¢.c. exeretion in both was not considered significant. 

The total amount of pectin excreted was 47.7 per cent for those receiving 1,000 

c.c. and 45.1 per cent for those receiving 2,000 e.c. at the end of the period 

of observation. 


The hemodilution, as judged by hematocrit and total protein, produced in 
patients given 2,000 ¢.c. of pectin solution was much more marked and more 
prolonged than in patients given 1,000 ¢.c. and therefore results on only the 
former are presented in graphic form, although the latter showed a similar trend. 
At the end of twenty-four hours when the pectin (Figs. 2 and 3) excreted in 
urine of those given 2,000 ¢.c. was 86 per cent of the total pectin exereted and 
that of those given 1,000 ¢.c. was 81 per cent, hematocrit and total plasma pro- 
tein values were far below control values in the former group and slightly 
below in the latter. This disperity between the degree and duration of hemo- 
dilution and the blood and urine levels of pectin persisted for as long as five 
days in those given 2,000 ¢.c., which is the longest period observed. The period 
of hemodilution persisted beyond the period of significant pectin levels in all 4 
eases. This was less striking in the patients given 1,000 c.c. because the hemo- 
dilution was less in degree and duration. The increased sedimentation rate 
(due to pseudo-agglutination) attained its maximal increase at the peak of the 
blood pectin level, but in those with initial control sedimentation rates close to 
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Fig. 3.—Correlation of blood levels and urinary excretion of pectin with changes in hemat- 
ocrit (Ht.), total :protein (Tp.), and sedimentation rate in four patients given 2,000 c.c. of 
pectin in saline. The rate and quantity of pectin excreted varies considerably, although blood 
levels are rather constant. At the end of twenty-four hours, when an average of 85 per cent 
of excretable pectin has been eliminated, hemodilution is still marked. 
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normal, the elevated rate persisted long after the pectin blood level has returned 
to control levels. The relationship of the sedimentation rate to pectin excreted 
in urine was about the same. 
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Fig. 4.—Comparison of hemodilution and pectin blood levels in patient in shock (—) and 
a patient not in shock (—-). Both were given 1,000 ¢c.c. pectin solution. The blood pectin 
level of the patient in shock, as well as the degree and duration of hemodilution, far exceeds 
that in the patient not in shock; the blood level is also significantly higher twenty-four hours 
later. The patient in. shock presented an initial hematocrit (Ht.) of 37 per cent and total 
protein of 6.05 Gm. per cent which eliminates the possibility of hemoconcentration. A more 
likely explanation of the difference is impaired renal function. 


DISCUSSION 


The recent development of a chemical assay method for pectin in blood and 
urine provides the basis for studies which should have preceded the clinical 
administration of pectin. Such studies will shed new light on the clinical in- 
dications for the intravenous administration of pectin. 

The basic phenomenon in shock is the reduction of blood volume. Pectin 
solution is a macromolecular plasma substitute used to increase plasma volume 
because the large pectin molecule keeps the injected fluid for a considerable time 
in the circulatory bed. The measurement of the plasma volume, which offers 
some technical difficulty, is substituted in clinical studies by the determination 
of the hemodilution measured by the reduction of the hematocrit, the hemoglobin 
concentration, and the total plasma protein concentration. In previous studies 
it was demonstrated that pectin produces considerable hemodilution in patients 
not in shock’? but a still more marked hemodilution in patients in shock. The 
degree of hemodilution initially produced by the administration of the .pectin 
solution is dependent upon the amount of pectin administered, as shown by the 
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rough parallelism existing between the degree of hemodilution and the pectin 
level obtained. In this sense the pectin level is an index of the therapeutic 
effect obtained by pectin. 

The blood pectin levels, following the infusion of a given amount of pectin 
solution, are rather consistent in hospital controls. They increase if more pectin 
is given. However, in patients in shock, the pectin level, after administration 
of 1,000 c.c., is on an average higher than in the controls after administration 
of 2,000 c.c. This agrees well with the higher degree of hemodilution obtained 
in patients in shock. The question ‘‘Which is the optimal pectin level?’’ is as 
yet not settled. Not only the concentration, but also the duration of the pectin 
concentration in the blood, is directly related to the amount of pectin introduced. 
The difference in shock is probably caused by the difference in urinary excretion 
of pectin. Renal excretion is known to be decreased in the shock state. 

Whereas a rough parallelism exists immediately after administration of 
pectin between the pectin level and the hemodilution produced, this relationship 
deviates later on. The plasma pectin level decreases much faster than the hemo- 
dilution disappears, a fact which suggests that as pectin disappears, other sub- 
stances maintain the hemodilution. Similarly, the effect pectin has upon the 
red cell, namely, the pseudo-agglutination as indicated by the rise of the sedi- 
mentation rate, is maintained longer than the pectin level. 

The urinary excretion of pectin deserves interest from two viewpoints: 
First, if an unphysiologic substance is introduced into the body, one prefers 
that it be disposed of quickly; second, the relation between blood level, urinary 
excretion and the therapeutic effect as evidenced by the hemodilution, gives in- 
formation to the mechanism of this effect. The excretion of pectin starts with 
the administration of pectin and a considerable amount is excreted by the end 
of the infusion. However, this fast excretion comes to a standstill within three 
days, by which time approximately 45 per cent of the originally introduced pec- 
tin has left the body. Since a third of the total amount of pectin excreted has 
left the body during the infusion, one can assume that a great part of pectin 
is apparently removed from the reach of the kidney within a short time. There 
is a remote possibility (unproved thus far) that some of the pectin may be 
broken down to simple sugar molecules and may thus escape the alcohol pre- 
cipitation involved in the preparation of urine samples in the present method 
for pectin analysis. 

Recently’? we have demonstrated in human subjects and in rabbits the 
deposition of a peculiar material in the pulp of the spleen and around the 
glomerular loops of the kidney associated with a proliferation of the reticulo- 
endothelial cells of the spleen and a proliferation and vacuolization of the 
Kupffer cells of the liver. Since the spleen was markedly enlarged in rabbits 
and especially in patients with nephrosis, most of the unexecreted (and/or 
metabolized) material can be assumed to have been deposited in the spleen. 
However, its nature is not clear in view of the fact that chemical analyses by 
Joseph, Bryant, and Palmer® failed to detect an increased amount of sub- 
stances giving a furfural reaction in the organs. However, the presence of this 
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material may be an indication that retained pectin or a derivative of it is re- 
sponsible for changes in the organs. 


It should be stressed, however, that those findings were encountered only 
after administration of amounts of pectin far in excess of those used in shock. 
It should further be emphasized that the possibility exists that other pectin 
solutions act differently. Hartman*® did not observe such anatomic changes 
after administration of equivalent amounts of pectin, and we have to reserve 
judgment as to whether an otherwise prepared pectin solution would be re- 
tained in tissues to a lesser degree and lead to similar anatomic changes. 


At a time when the hemodilution is still of considerable degree, the blood 
level has already markedly decreased and the greater part of the discardable 
part has been excreted with the urine; the greater part of the nondiseardable 
portion is at this time obviously out of the circulation. Heretofore one of the 
prime essentials of an effective plasma substitute has been considered the prop- 
erty of being retained within the circulation for a long period of time. The 
present findings show that a substance like pectin may produce hemodilution 
even longer than it is present in the blood stream. Any substance which could 
induce this phenomena of prolonged hemodilution after its disappearance from 
the circulation has considerable promise. We ascribe it to the ability of a macro- 
molecular substance to draw tissue fluid into the circulation. This tissue fluid, 
which replaces the fluid leaving the circulation with pectin, presumably con- 
tains proteins which are available in large quantities in the labile protein stores 
of the body. The term ‘‘autotransfusion’’ can be used to describe this phe- 
nomena. 


SUMMARY 


1. Using a chemical assay for pectin recently described, blood pectin levels 
and urinary pectin excretion following the administration of pectin solution 
have been described. 


2. The blood pectin levels are proportionate to the quantity of pectin ad- 


ministered. They are higher in patients in shock, probably due to depressed 
renal function. 


3. The degree of initial hemodilution is somewhat parallel to the level of 
pectin in the blood; however, hemodilution and the increased sedimentation rate 


(pseudo-agglutination) produced by pectin are maintained much longer than 
blood pectin level. 


4. The pectin excretion starts rapidly and decreases after the first day. 
However, by the analytical methods available, less than one-half of the injected 
pectin is accounted for in the urine, indicating that more than one-half of the 
pectin injected is quickly removed from the reach of the kidney, some of which 
is probably deposited in certain organs. 

5. The maintenance of the hemodilution beyond the period of significant 
blood concentration of pectin and of urinary elimination of the great amount of 
excreted pectin indicates that the prolonged hemodilution is not due to pectin 
but possibly to labile tissue proteins. 
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TIIE USE OF TIE COPPER SULFATE METIIOD OF ITEMOGLOBIN 
ESTIMATION FOR SCREENING BLOOD DONORS 


Mary Hriss Boynton, M.D.* 
New York, N. Y. 


HE number of methods which are available for the estimation of hemoglobin 

values, and which are at the same time applicable to mass production tech- 
niques, is limited. Individual centers of the American Red Cross Blood Donor 
Service have been called upon at times to process as many as 1,100 donors 
daily, and a hemoglobin estimation must be made on each donor. Such volume 
necessarily requires a method which is both fast and accurate and which can 
be carried out by relatively untrained personnel. 

The methods which are the most accurate and which are in common use 
in most laboratories and offices, such as the Dare, the Sahli, the Newcomer, 
and certain other colorimetric techniques, invariably require a measured 
amount of blood which, in turn, requires relatively complicated equipment and 
trained personnel. The Tallqvist method, which is admittedly the simplest and 
most rapid method, can be used only with difficulty when one individual is 
required to make from 100 to 200 such comparisons within a period of a few 
hours. There is not only considerable error in the method per se, but there is 
also the additional factor of ocular fatigue with such a large number of 
tests. It was necessary, however, to use this method during the first two 
years of operation of the Blood Donor Service since no other method which 
met the requirements was available. 

In December, 1943, a simple method for determining the specific gravities 
of whole blood and plasma using a copper sulfate solution was devised at the 
Rockefeller Institute.t This method is based on the fact that a drop of blood 
or plasma dropped into a precision-made solution of Cu SO, of known specific 
gravity will become encased in a sac of Cu proteinate and will behave in a 
certain way relative to that solution, dependent upon the density of that drop. 
If a graded series of Cu SQ, solutions is used, the actual specifie gravity of the 
blood and plasma may be determined and from these, by calculation from line 
charts, the hemoglobin, plasma protein, and hematocrit values ean be obtained. 
For the purposes of the Red Cross Blood Donor Service, however, a single 
solution of specific gravity 1.052, corresponding to 12.3 Gm. of hemoglobin, 
permits the acceptance or rejection of a donor without obtaining the exact 
amount of hemoglobin in that donor’s blood. In other words, if a drop of the 
donor’s blood sinks in the solution, the donor is acceptable; if the drop rises 
or remains suspended, the individual’s hemoglobin is less than the acceptable 
standard; that is, less than 12.3 Gm. This paper describes the technique and 
analyzes the results as obtained at the Blood Donor Center of the New York 
Chapter of the American Red Cross with the use of this method. 





From the New York Blood Donor Center of the American Red Cross Blood Donor Service. 

Received for publication, Sept. 20, 1945. 

*Technical Supervisor American Red Cross Blood Donor Center, New York, N. Y. 

¢Phillips, R. A., and others: Copper Sulfate Method for Measuring Specific Gravities 
of Whole Blood and Plasma, Bull. U. S. Army M. Dept. 7: 66, 1943. oe - 
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TECHNIQUE 


The equipment necessary to make the test is illustrated in Fig. 1. It con- 
sists of a lancet for making the finger puncture, capillary tubes with rubber 
bulbs attached, and Cu SO, solution in large stock bottles and in a smaller vial 
for actual use. The correct position for expelling the drop is also shown. 

1. The tip of the fourth or ring finger is thoroughly cleansed with alcohol 
and then wiped dry with sterile gauze. The finger is punctured, somewhat 
forcibly, with a lancet or special needle and the first drop of blood obtained 
is wiped off. 





Fig. 1. 


2. A second drop of blood is squeezed and allowed to run up into a capillary 
tube of about 1 mm. bore with a small rubber bulb at one end.* 

3. The blood is ejected into the solution of CuSO, by gentle pressure on 
the bulb, and the behavior of the drop is observed. The initial momentum of 
the drop is lost within a few seconds and the drop then either (1) begins to 
rise, (2) remains stationary for another ten to fifteen seconds, or (3) continues 
to fall in the solution. If either the (1) or (2) condition obtains, the donor is 
rejected ; if (3) obtains, the donor is accepted. 

While the technique itself is simple and rapid and can be easily carried 
out by relatively unskilled personnel, it has been apparent since the intro- 





*The use of a capillary tube and rubber bulb instead of a syringe or pipette was sug- 
gested by Dr. William Thalhimer, associated with the American Red Cross Blood Donor Service 
in 1944 as Associate Technical Director. 
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duction of the method in Red Cross centers in April, 1948, that the following 
precautions should be taken to avoid inaccuracies and errors of interpretation. 

1. Theoretically, one test may be done per ecubie centimeter of CuSO, 
solution. If a small vial of from 25 to 30 e.e. of solution is used, as in Fig. 1, 
careful count must be kept of the tests made and fresh solution must be used 
after about twenty tests. The color of the solution may shift from blue to 
green during the course of the tests and may develop a certain degree of 
turbidity because of the presence of suspended unlaked cells, but the gravity 
of the solution is not perceptibly affected by these changes. 

2. The finger used must be thoroughly cleansed with alcohol and then 
dried, and the first drop of blood obtained after the puncture should be wiped 
off. Even a minute amount of dirt, grease, or aleohol remaining on the finger 
alters the behavior of the drop. 

3. The blood drawn into the capillary tube should be free of air bubbles and 
should form an intact drop in the solution. 

4. The surface of the Cu SO, solution should be kept free of fragments of 
blood. These are removed by shaking the vial or by using a wooden applicator 
stick. 

5. In interpreting the results, it should be remembered that the drop will 
have a certain initial momentum downward in the solution. When this initial 
force has subsided, the drop may continue downward, remain suspended, or 
rise. It is, therefore, the behavior of the drop within the ten seconds after 
the initial momentum has subsided that is of significance. 

6. Care should be taken to keep the Cu SO, solution well covered, preferably 
with an airtight stopper, when not in use. If erystals of CuSO, form around 
the top of the bottle, or on any device used for pouring, a fresh bottle should 
be taken and the equipment cleaned. 

7. According to Phillips and his associates, there is an inherent error of 
+2 per cent in the method when blood with cells of normal hemoglobin content 
is being tested. In abnormal eases, the error may be +4 per cent. The estima- 
tion of hemoglobin from whole blood by this method is based on the assumption 
that the plasma protein concentration is within normal limits. However, high 
plasma protein values may cause a plus error in the hemoglobin estimation, and 
low plasma protein values may give a low estimate of the hemoglobin. Since it 
would be inadvisable to accept a donor with a low plasma protein value, such 
an ‘‘error’’ in the hemoglobin estimation is an advantage rather than a fault. 


RESULTS 


Before the method was put into routine use in February, 1944, and during 
the period of instruction for the personnel, a comparison was made on 632 
donors using the Cu SO, and Evelyn photo-electrie cell method. Ideally, com- 
parisons of results with the CuSO, technique should be made against the 
oxygen capacity method; however, since this was not possible, the comparisons 
were made with an Evelyn colorimeter which had in turn been checked with 
samples tested by the oxygen capacity method for hemoglobin estimation. In 
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this series of 632 donors, 108 (or 17.0 per cent) were unnecessarily rejected ; 
that is, the CuSO, reading was below the requisite 12.3 Gm., whereas the 
Evelyn reading was 12.3 Gm. or above. In this same group, there were five 
donors or 0.9 per cent) who were accepted in error; that is, the Cu SO, reading 
indicated over 12.3 Gm., but the actual hemoglobin values were below 12.3 Gm. 
by the Evelyn colorimeter. Although the errors in this series might have been 
said to be ‘‘on the safe side,’’ the results of the comparison indicated that the 
staff was apparently not carrying out the technique correctly and steps were 
taken to remedy this. It was found that the errors made were chiefly those 
noted previously; for instance, aleohol remaining on the finger, air bubbles in 
the tube, carelessness in handling the solutions. A second comparison series 
on 1,012 donors was carried out in April, 1945. In this group, twenty-two (or 
2.17 per cent) were rejected in error because they had an Evelyn value over 
12.5 Gm., and twenty (or 1.98 per cent) were accepted in error because they 
had an Evelyn reading below 12.3 Gm. (Using a solution of specifie gravity 
1.052, hemoglobin values between 12.3 and 12.5 Gm. were considered to be 
within the ‘‘critical range’’; for instance, for Evelyn values within this range 
the behavior of the drop may, within the limits of error, follow any one of the 


three courses. ) 

















TABLE I 
FEBRUARY, 1944 APRIL, 1945 
Number tested 632 1,012 
Number rejected in error 108 22 
(Cu SO, less than 12.3 Gm.) 
Per cent 17.0 2.17 
Range of error by Evelyn method 12.5 to 14.2 12.5 to 13.8 
(Gm.) 
Number accepted in error 5 20 
(Cu SO, more than 12.5 Gm.) 
Per cent 0.9 1.98 
Range of error by Evelyn method 11:0 to 1292 11:0 torIZ2 


(Gm.,) ; ee ee ee 





In Table I the complete results of the two series of comparisons are given. 

Over a period of a year at the New York Center, the percentage rejection 
rate for prospective initial donors on the basis of hemoglobin, using the 
Cu SO, method, is given in Table IT. 























TABLE II 
NUMBER TESTED PER CENT REJECTED 
Male 83,460 0.25 
7 Female 101.004 7.9 
TABLE III 
MEAN 
HEMOGLOBIN NUMBER PER CENT 
NUMBER VALUE BELOW BELOW 
TESTED (GM.) — 12.3 GM. 12.3 GM. 
Male 2,019 15.8 5 0.24 
Female 3,827 __ 13.76 271 6.95 
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On the basis of almost 6,000 determinations made by the Evelyn photo- 
electric colorimeter on male and female initial donors over a period of two 
years at the New York Center, the values given in Table III were obtained. 

It will be seen that in this comparison again the Cu SO, method compares 
very favorably with the Evelyn determination. The rejection rate by either 
method is essentially the same. 


SUMMARY 


The CuSO, method of hemoglobin estimation has been in use in the New 
York Center of the American Red Cross Blood Donor Service for over a year and 
one-half. Under the conditions obtained in such a mass blood collection program, 
it has provided a simple and rapid method of determining whether or not a 
donor’s hemoglobin is above or below the acceptable minimum of 12.3 Gm. The 
test may be done by unskilled volunteer personnel after a brief course of in- 
struction. Testing individuals with hemoglobin, hematocrit, and plasma con- 
centration values presumably within normal limits, the error in the method 
should not be more than +2 per cent. The experience in the New York Blood 
Donor Center, where it may be assumed that individuals do not present them- 
selves for a donation unless they believe themselves to be in reasonably good 
health, has indicated that such is the case. The error is kept at the irreducible 
minimum, however, only when rigid attention is paid to the details of the tech- 
nique and to the proper interpretation of the behavior of the drop. The test 
as performed in Red Cross Blood Donor centers would be easily applicable to 
any blood donor program or for ‘‘secreening’’ purposes in connection with 
physical examinations where it would be of value to know whether or not an 
individual hemoglobin was above or below a certain standard. With the use 
of graded solutions of Cu SO, spaced at various gravity levels, a more accurate 
estimation could be made if desired. 


CONCLUSIONS 


1. The use of the CuSO, gravity method of hemoglobin estimation of 
Phillips and his associates, as used at the New York Center of the American 
Red Cross Blood Donor Service, is described. 


2. Certain precautions are noted and certain details of the technique are 
emphasized in order to obtain maximum accuracy and correct interpretation 
of the results. 


3. A comparison is made of the results obtained by this method and by 
an Evelyn photo-electric cell colorimeter on a large series of blood donors. 
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STUDIES ON CULTIVATION OF RICKETTSIAE IN EGGS 


FLORENCE K. Fitzpatrick, M.A 
GLENOLDEN, Pa. 


HE work of Goodpasture’ with the cultivation of viruses on the chorio- 

allantois of the developing chick embryo has been of inestimable value to 
bacteriologists whose interest lies in the field of viruses and rickettsiae. It 
marked the beginning of large scale work with these agents and has made pos- 
sible the development of vaccines against some of the world’s most devastating 
diseases. Zia? and Bengtson and Dyer* succeeded in obtaining multiplication 
of typhus and spotted fever rickettsiae, respectively, using Goodpasture’s tech- 
nique. Barykine and co-workers and Cox® showed that better results could be 
obtained if inoculation were made directly into the yolk. 

Although many investigators have been using the yolk sac method of rick- 
ettsial cultivation, detailed results, except those from China, have not been 
published.* 7 In most new fields, much of one’s knowledge is acquired by trial 
and error methods. The cultivation of rickettsiae in eggs has been no exception. 
The work detailed in this article on methods of inoculation, susceptibility of chick 
embryos, neutralization tests in eggs, and soluble antigen experiments is re- 
ported in the hope that it may be of use to workers in this field. 

Methods and Materials——tThe rickettsial strains employed consisted of the 
Brein] epidemic and the Wilmington murine strains of typhus* and the Bitter 
Root* and the Cape Cod? strains of spotted fever. The Cox technique of inocu- 
lation was used throughout. Eggs from white leghorn hens were employed 
to facilitate candling. These eggs were from pullorum-tested flocks and were 
purchased at six or seven days’ incubation. Seven-day-old embryos were used, 
except where noted. On arrival, the eggs were unwrapped and placed on wooden 
boards made to accommodate forty or eighty eggs, air sac end uppermost. Prior 
to inoculation, dead or nonfertile eggs were candled out. Iodine was applied 
over an area of about 1 em. in diameter and allowed to dry. A hole was then 
made with a moto-toolt or regular dental drill, the burr being adjusted so as to 
puncture the shell but not the shell membrane. The shell dust was removed 
with 70 per cent aleohol. The egg inoculations were performed with regular 
10 ¢.c. or automatic 2 ¢.c. syringes and 20 gauge needles, 14%. inches long. The 
eggs were sealed with paraffin and incubated at from 34 to 35° C. The inocu- 
lum was prepared by shaking yolk sacs in saline in the presence of glass beads. 
Cultures were taken before, during, and after inoculation, All yolk sae and 
vaccine smears were stained by the Macchiavello technique,® with the simple 
modification of using sterile distilled water without neutralization as diluent 
for the basic fuchsin. Methylene blue was used for smears of sterility tests. In 
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all experimental work and in selecting yolk sacs to be used as inoculum in vac- 
cine preparation, the piece of yolk sac to be examined was removed at its point 
of attachment to the embryo. This technique was adopted in an effort to ap- 
proach some sort of uniformity in the examination of smears. As a basis for 
comparing eggs, it is more exact than when pieces are removed at random. 
Yolk saes to be used in vaccine preparation were always selected in advance. 
From two to six yolk saes, depending on the richness of the individual smears, 
were placed whole in bottles containing glass beads. They were shaken and 
about 0.5 ¢.c. of the econeentrated yolk removed for culture. The bottles were 
then placed in a chest maintained at from —40 to —60° C. with solid earbon di- 
oxide. Yolk saes kept under these conditions were found to remain potent for 
seventeen months, the longest interval tested to date. 


We have not found the problem of contamination to be a serious one. Cul- 
tures of 1,123 pools, representing, 3,963 yolk saes grouped in lots of from two to 
six, revealed that forty-four or 3.9 per cent of the lots were contaminated. If, as 
was likely, only one yolk sae in each lot had been at fault, the figure for eon- 
tamination would have been about 1 per cent. We are inclined to attribute 
most contamination to faulty technique, since as many as fifty-seven yolk saes 
eultured individually the same day from the same lot of typhus-infected eggs 
showed no growth. 

Prior to use, the yolk saes were thawed quickly in water at a temperature 
of from 40 to 45° C., thoroughly shaken, and diluted with the required amount 
of salt solution. Pieces of membrane were removed with a bent capillary pipette 
and the eggs injected with 0.5 or 1 ¢.c. of inoculum, For routine purposes, one 
eandling of inoculated eggs at the end of forty-eight hours (for spotted fever) 
or seventy-two hours (for typhus) was considered sufficient to remove those 
dead of trauma. Subsequently, eggs were candled daily until large numbers of 
deaths oceurred, at which.time they were candled several times a day if possible. 
With the typhus strains, some deaths occurring on the third day, even with high 
dilutions of inoculum, are due to typhus. However, we have found that the 
elimination of these eggs is no loss, since the yolk saes are still small and hard 
to harvest and do not materially add to the quality of the vaecine. (It is ob- 
vious that deaths on the third day in eggs that have received a very heavy typhus 
inoculum are significant, but for practical reasons these deaths should be avoided 
in large scale vaccine preparation. ) 

Yolk saes to be tested in mice for toxin were either frozen whole or diluted 
with milk, as suggested by Topping,’® for the preservation of infected tissues. 
In the latter case, a 10 per cent suspension was made. The material was 
centrifuged, decanted, and distributed in small samples in vaccine vials as 
recommended by Bengtson.'! It was then frozen until needed. We have found 
eanned evaporated milk very satisfactory and more convenient to prepare than 
the skimmed milk recommended by Topping. The contents of a ean of milk 
were diluted with an equal amount of sterile water. Sufficient N/1 NaOH solu- 
tion was added to bring the pH up to about 7.5. Sinee canned milk is sterile, 
no autoclaving was required. 
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For dilution experiments in eggs and guinea pigs, 10 per cent infected yolk 
sae suspensions in saline were prepared, and further dilutions were made from 
these. Inoculation was then carried out as fast as possible by two operators to 
prevent deterioration of rickettsiae. 

Guinea pig inoculations were performed by administering 1 ¢.c. of inoculum 
by the intraperitoneal route to male animals. Mice were vaccinated by the 
intraperitoneal route’? and received live yolk sae material by the same route 
or intravenously. 

Age of Embryos and Methods of Inoculation.—In published work on the use 
of fertile eggs for the cultivation of rickettsiae, embryos of ages varying from 
2 to 11 days have been recommended.* ©” '* It was felt that the older the em- 
bryos were at the time of inoculation, consistent with good results, the greater 
would be the weight-yield of yolk sae and the fewer the early deaths from trauma 
or overwhelming infection. However, with increasing age, the embryos became 
more resistant to infection. Experiments undertaken to find the oldest embryo 
that would give uniformly good results showed that it was possible to infect eggs 
that had been incubated eight days quite successfully with the two typhus strains. 
When 9- or 10-day-old embryos were used, good results could be obtained but a 
more concentrated inoculum was required. When large numbers of eggs were 
inoculated, it was found convenient to use embryos of an age that could be killed 
with high dilutions, since fewer yolk saes were required as inoculum. 

Older embryos (from 8 to 9 days) were found to be most useful in spotted 
fever experiments. In egg-adapted strains of both mild and virulent spotted 
fever, death occurred in about three days when 6- or 7-day-old embryos were 
used. Yolk sacs were small, friable, and difficult to harvest. The use of 8- or 
9-day-old embryos helped to remedy these conditions. At 10 days, embryos were 
found to be too insusceptible for routine use. 

In an effort to reduce the percentage of traumatic deaths, the embryo’s posi- 
tion in the egg was marked during the candling prior to inoculation in several 
lots of eggs. Duplicate sets receiving the same inoculum were not so marked. 
It was found that marking the embryos resulted in a somewhat lower mortality. 
Comparisons were also made between lots of eggs that had been inoculated by 
the same operator with standard 10 ¢.c. syringes and with automatic 2 c.e. 
syringes. With the former, traumatic deaths were 3 or 4 per cent, whereas with 
the latter type of syringe they were from 18 to 24 per cent. The use of the 
automatic syringe eliminates the need of filling and cleaning syringes so that if 
time saved is an important factor, the automatic syringe is the one of choice. 

Temperature of Incubation.—Eggs infected with all four rickettsial strains 
were incubated at from 34 to 35° C. routinely. With experimental lots, it was 
observed that in typhus-infected eggs, death of embryos occurred at least twenty- 
four hours earlier than when a temperature of 37° C. was used (Table I). Eggs 
incubated at 37° C. required a heavier inoculum to kill the embryos than those 
incubated at 34° C. It would appear that at 34° C., a temperature far below 
the optimum for healthy development of normal chick embryos, several factors 
may be involved which contribute to better multiplication of typhus rickettsiae. 
The embryo’s resistance is lowered and rickettsial multiplication can proceed 
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TABLE I, EFFECT OF TEMPERATURE OF INCUBATION ON TIME OF DEATH OF INFECTED 
CuHIcK EmsBryos* 








| NUMBER OF EGGS DEADt 











DAY AFTER | TEMPERATURE OF INCUBATION 
INOCULATION 34° c. | 37° ©. 
1 to 3 0 0 
4 1 0 
5 2 0 
6 3 0 
7 4 5 
8 - 4 
9 - 1 





*Inoculated with 1:400 dilution of murine typhus yolk sac. 
+Ten eggs in each group. 


more readily than at 37° C., or as has been demonstrated in guinea pigs, rab- 
bits,"* and mice,’ ?* low temperatures favor rickettsial infection of the host. 
The incubation of infected typhus eggs at 34° C. is advisable in large scale 
vaccine preparation. It can be readily seen that if a more dilute inoculum is re- 
quired when eggs are incubated at this temperature, fewer yolk sacs need be 
prepared as inoculum, thereby reducing labor and the risk of contamination. 
In the case of spotted fever, the infection is apparently so overwhelming that 
death of the embryo occurs at the same time whether incubation at 34° C. or 
37° C. is used, but smears richer in rickettsiae are obtained from eggs incubated 
at the former temperature. 

Dilution and Diluents——Experience showed that it was possible, within 
limits, to bring about death of infected eggs at the time desired. Even under 
optimal conditions, however, there was a variation in the susceptibility of chick 
embryos which could not be overcome. When large numbers of eggs were 
inoculated, aside from those dying of trauma, there were nearly always a few 
that died early, often showing very few rickettsiae (perhaps overwhelmed by 
toxin) and a few resistant ones that died late. The great majority died within 
a twenty-four-hour period (that is, on the fifth and sixth days, or on the sixth 
and seventh days after inoculation). This point is illustrated in Table II. 

The numbers of rickettsiae seen in the smears of the yolk sacs to be used 
for inoculation determined the amount of diluent to be added. For routine 
purposes, we found it practical to use for typhus passage only those yolk sacs 
showing numerous rickettsiae and designated 4-plus or better and to dilute them 


TABLE II. NORMAL VARIATION ENCOUNTERED IN TIME OF DEATH OF TYPHUS-INFECTED 
CHICK EMBRYOS 








NUMBER OF EGGS DEAD 

















DAY AFTER EPIDEMIC TYPHUS* MURINE TYPHUS+ 
INOCULATION 60 EGGS 100 EGGS 
1 to 3 3 4 
4 0 4 
5 3 18 
6 21 72 
7 28 2 
8 4 ra 
9 1 ie 





*Inoculated with 1:300 dilution of infected yolk sac. 
tInoculated with 1:200 dilution of infected yolk sac. 
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TABLE III. Errect or PH Or SUSPENDING MEDIUM ON TIME OF DEATH OF INFECTED EGGs* 








NUMBER OF EGGS DEAD 

















DAY AFTER DILUENT 
INOCULATION Nacl pH 6.0-6.2 PHOSPHATE BUFFER pH 7.4 
1 to 3 0 uf 
5 13 12 
6 6 6 
7 1 1 





*Inoculated with 1:200 dilution of epidemic typhus yolk sac. 


with from 200 to 500 ¢.c. of physiologic salt solution. In the case of spotted 
fever where smears never approached the richness of typhus yolk sacs, from 50 
to 200 ¢.c. were used. No difference in result was seen when a 1:100 or a 1:200 
dilution, for example, was employed, or similarly, when 0.5 or 1 ¢.c. was used 
as inoculum. Fivefold dilutions of a given inoculum were required to bring 
out a noticeable effect on the dying time of the embryo. 

Because of the fragility of rickettsiae suspended in physiologic saline, it 
was thought that dilution of yolk sacs in a buffer of a higher pH than the saline 
usually employed might keep the rickettsiae in better condition during the time 
of inoculation. Accordingly, yolk sacs were shaken in 5 ¢.e. of saline and por- 
tions of this suspension further diluted with saline and Sérensen’s phosphate 
buffer, respectively. As will be seen from the data in Table ITI, the time of death 
in two groups of twenty eggs was not influenced by the different pH values of the 
suspending solutions. Smears of the yolk sacs were of similar richness in both 
groups. The same results were obtained when buffered saline and physiologic 
saline were compared. 

Comparison of Guinea Pig and Chick Embryo Susceptibility—The guinea 
pig is not a highly susceptible animal as far as the two types of typhus are con- 
cerned, Virulent spotted fever strains, on the other hand, kill a large propor- 
tion of inoculated animals. We have attempted to correlate the susceptibility 
of the chick embryo and the guinea pig by inoculating them with the same 
dilutions of yolk sac material from eggs infected with murine and epidemic 
typhus and Bitter Root spotted fever. With murine typhus, the limit of infec- 
tivity appeared to be the same for eggs and guinea pigs, but elevation of tem- 
perature was noted in the guinea pigs from twenty-four to forty-eight hours 
before eggs of the same dilution died. In one experiment, the highest dilution 
that caused death of only a portion of the eggs (1:100,000) also produced fever 
in only some of the inoculated pigs. However, those having no temperature 
were found to have been immunized or to have had an inapparent infection, 
since serum obtained three weeks after inoculation agglutinated murine rick- 
ettsial antigen in high titer.17 When epidemic typhus inoculum was used, 
chick embryos were more susceptible than guinea pigs in that the highest dilu- 
tion employed that resulted in death of embryos produced no temperature what- 
ever in any of the guinea pigs inoculated. In a typical experiment, seven of 
eight eggs inoculated with 1:100,000 dilution of yolk sae died, whereas the 
guinea pigs receiving the same dilution showed no fever nor did they develop 
agglutinins for epidemic antigen, showing that an insufficient number of rick- 
ettsiae was present even to produce agglutinins. Simultaneous inoculation into 
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eggs and guinea pigs of Bitter Root strain spotted fever yolk sac dilutions pro- 
duced results similar to those obtained when epidemic typhus inoculum was used. 
For example, the highest dilution producing death of chick embryos in one 
experiment was 1:10,000. At this end point, guinea pigs showed no elevation 
of temperature or other signs of spotted fever. From the foregoing experiments, 
it would appear that the chick embryo is more susceptible to infection with 
epidemic typhus and virulent spotted fever than is the guinea pig. This fact 
might be made use of in the isolation of strains from the blood of human cases 
of these diseases where, particularly in mild cases, efforts to isolate strains by 
guinea pig inoculation are often fruitless. 

Neutralization Tests in Eggs.—Evidence of neutralization using mixtures 
of immune serum and infectious agent introduced into eggs has been obtained 
for certain viruses and bacteria: vesicular stomatitis,'* equine’® and St. Louis 
encephalitis,”” keratoconjunctivitis,?? and mumps” viruses; typhoid,’ influenza** 
and the tubercle bacillus.2° It was felt that if neutralization of typhus and 
spotted fever rickettsiae by immune serum could be demonstrated in the chick 
embryo, a simple test would be-provided for the study of neutralizing antibodies 
in the serum of convalescent men and animals. To this end, potent immune 
globulins prepared from the serum of rabbits infected with typhus or spotted 
fever were mixed in vitro with dilute infectious yolk sac material for from 20 
to 30 minutes prior to the inoculation of eggs. Controls with an equivalent 
amount of normal serum were set up at the same time. As will be seen from the 
results of two typical experiments summarized in Table LV, no evidence of neu- 
tralization was obtained with either rickettsial antiserum. In this and other 


TABLE IV. NEUTRALIZATION TESTS IN EGGs* WITH EPIDEMIC TYPHUS AND SPOTTED FEVER 
GLOBULINS 








EPIDEMIC TYPHUS SPOTTED FEVER 




















DAY OF DEATH 0.1 C.C. 0.5 C.C. 0.2 C0, 0.5 C.C. 

OF EGGSt | GLOBULIN NORMAL SERUM| GLOBULIN NORMAL SERUM 

1 to 2 : isa l 0 ais 1 0 

3 0 0 0 0 

4 0 0 2 4 

5 0 0 5) 4 

6 3 4 - - 

7 a 4 - 7 
*Inoculated with 1:300 dilution of epidemic typhus or 1:300 dilution of spotted fever 

yolk sac. 


tEight eggs in each group. 


experiments, there was no delay in the death of the embryos, and smears were 
as rich in rickettsiae as were those from control eggs receiving normal serum. 
By contrast, guinea pigs inoculated with similar mixtures showed no evidence 
of infection. In a few preliminary experiments, the addition of fresh guinea 
pig complement did not alter the results. It would appear that rickettsial 
growth in the egg resembles a tissue culture more closely than an infection in 
the animal body; also that the neutralization of rickettsiae is a more complex 
phenomenon than that of certain other disease agents. These negative experi- 
ments on neutralization indicate that this reaction requires the presence of 
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certain humoral or cellular elements found in adult mammals but not in the 
ehick embryo. As Goodpasture has pointed out,’ the chick embryo does not 
seem capable of acquiring immunity. In guinea pigs and mice it is possible to 
secure neutralization by inoculating immune serum and infectious rickettsial 
material at the same time, but by different routes, showing that the reaction 
is accomplished in the body of the animal. If we regard the embryonated egg 
as a tissue culture, the negative neutralization tests are not too surprising in 
view of the findings of Breinl*® and others,’® *’ that the presence of immune 
serum in tissue cultures does not impair rickettsial multiplication. Experiments 
with yellow fever virus** are similar to our findings with rickettsiae, in that 
serum-virus mixtures that did not infect mice were still infectious for chick 
embryos. 

Toxic Eggs.—Only yolk sacs showing very heavy rickettsial smears were 
used for toxin testing. As first pointed out by Gildermeister and Haagen,”® 
yolk saes of eggs inoculated with murine typhus may kill mice in from twenty- 
four to forty-eight hours after intraperitoneal inoculation. We have found, 
using the intravenous route, that 44 per cent of murine yolk saes tested from 
eggs recently dead were lethal for mice in six hours or less at dilutions of from 
1:240 to 1:2000. When intraperitoneal inoculation was done, a lower per- 
centage of toxic yolk sacs was obtained. That epidemic typhus yolk sacs may 
display the same toxie property was reported by Bengtson and co-workers*® who 
used the intravenous mode of administration. We have not sueceeded in killing 
mice by intraperitoneal injection with this strain in the dilution employed. Of 
619 yolk sacs from epidemic typhus eggs opened soon after death of the embryo 
and tested in mice by the intravenous route, 192, or 31 per cent, killed at dilutions 
of from 1:200 to 1:1200. This is a lower percentage than was found for murine 
yolk saes and is no doubt due to the greater resistance of the mouse to epidemic 
typhus. In all probability, a larger number of toxie yolk sacs would have been 
obtained had living infected eggs been tested as suggested by Bengtson and co- 
workers, but it was usually more convenient for practical reasons to test the dead 
ones. We have confirmed their observation that there seemed to be no correlation 
between the toxicity of yolk saes and the age of the eggs from which they were 
obtained. Further, the property seemed to be independent of the length of time 
a strain had been maintained in passage in eggs. 

Efforts to demonstrate a toxin in spotted fever yolk sacs (Bitter Root 
strain) by mouse inoculation have been almost entirely without success. Mice 
were very refractory but occasionally succumbed to a 1:5 or 1:10 dilution of 
yolk sac administered intravenously. Better results perhaps can be obtained 
by lowering the resistance of the animals through various means. Experiments 
along these lines are in progress. 

Antigen in Yolk Sacs and Yolk of Typhus-Infected Eggs.—Rickettsial sus- 
pensions are known to be unstable. We have observed that with the passage 
of time fewer organisms were found in smears of vaccines and antigens, 
although phenol or formalin was used as preservative and the materials were 
kept at icebox temperature. However, the value of the vaccines and antigens 
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was not impaired, or only slightly so, over a period of a year, as far as their 
immunizing or agglutinating properties were concerned. Because of the ease 
with which these organisms disintegrate, it is difficult to know with certainty 
whether antigen found in the supernatant fluid after centrifugation of rickettsial 
suspensions is a true soluble antigen or exotoxin, or merely a degradation 
product of the organisms, and perhaps an endotoxin. In this connection, 
Kligler and Oleinik*? succeeded in producing necrotic skin lesions in rabbits 
with typhus yolk sae suspensions both before and after high speed centrifuga- 
tion, indicating that there was a toxie substance present apart from the rick- 
ettsiae. Again, one cannot be sure that this toxic substance was not a break- 
down product formed during the course of preparation of the material. Casta- 
fieda was the first to observe that formalinized rickettsial bodies contained a 
heat-labile substance** and also that a stable specific soluble substance could 
be demonstrated in rickettsial suspensions.** Otto and Bickhardt** concluded 
from their experiments that the toxin produced by rickettsiae is an endotoxin, 
since supernatants and filtrates tested by them were nontoxic. Bengtson and 
eo-workers®® found that yolk sae suspensions which killed mice would no longer 
do so after the rickettsiae had been removed by centrifugation. Cohen and 
Chargaff,*> in the first chemical study of the composition of typhus rickettsiae, 
found that there appeared to be two main antigenic fractions. They observed 
that a soluble antigen present in the supernatant of centrifuged suspensions 
resembled one of the fractions present in the rickettsiae themselves but did not 
overlook the possibility that it might have been formed by organisms which 
had autolyzed during cultivation. Topping and Shear*® reported that a soluble 
substance found in the supernatants of centrifuged ether-extracted suspensions 
had the same immunologic properties as the resuspended sediment containing 
the whole organisms. We have confirmed this observation and noted in addition 
that the method and speed of preparation of the initial suspension are important 
factors and affect the quantity of soluble antigen obtained. We have found 
that typhus suspensions treated with ether*’ contain more than those prepared 
without this solvent and have endeavored to throw light on the question of 
whether the soluble antigen was separate from the organisms or merely a product 
of autolysis. These experiments will be reported at greater length elsewhere. 
Briefly, two methods of attack were employed. In one, the yolk of infected 
eggs was used. In the other, the effect of formalin and of ether on yolk sac 
suspensions of rickettsiae was studied. In all the experiments, operations were 
earried out with the utmost speed, and rickettsiae were separated from their 
supernatants as fast as possible in order to minimize the effects of autolysis. 
Attempts were made to find soluble antigen in the yolks of infected eggs 
on the assumption that if rickettsiae produce a soluble toxin or other immuniz- 
ing antigen this should be found apart from the organisms in the eggs in which 
they are growing. Yolk was removed from two kinds of eggs infected with 
murine typhus: those in which the embryo had been dead less than ar hour 
and those of the same lot in which the embryo was still living. Mice vace inated 
with the supernatants of the centrifuged yolks of both the living eggs anc! those 
recently dead showed no immunity when challenged with infectious material. 
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The mice receiving the resuspended sediments, which contained a very few 
rickettsiae, were immune. When this experiment was done with yolk from 
eggs that had been dead for several hours before being removed from the in- 
cubator, the supernatants immunized mice. In this case the resuspended sedi- 
ments also contained more rickettsiae. We deduced from these experiments that 
no soluble antigen capable of immunizing was elaborated into the egg yolk by 
growing rickettsiae, but that when infected eggs were not removed from the in- 
cubator for several hours after death of the embryo, the yolk sacs autolyzed, 
liberating rickettsiae into the yolk. Disintegration of these organisms pro- 
duced soluble antigen capable of immunizing mice. 

Comparisons were made between 10 per cent vaccines made with and with- 
out ether, since it had been noted that ether appeared to hasten dissolution of 
rickettsiae. Suspensions to which 0.1 and 1 per cent formalin had been added 
were also compared. The large amount of formalin was tried on the theory 
that it would ‘‘fix’’ the organisms and delay disintegration. This supposition 
was borne out by the microscopic appearance of rickettsiae in saline suspensions 
one year old prepared with the two quantities of formalin. The organisms were 
much sharper and more distinct in the suspensions containing 1 per cent forma- 
lin. The contrast was particularly marked in ether-extracted preparations, the 
rickettsiae in those containing 0.1 per cent formalin being much smaller and more 
faded in appearance. Further, when ether-extracted vaccines were centrifuged, 
more soluble antigen was found in the supernatants of those containing 0.1 per 
cent than of those to which 1 per cent formalin had been added. Thus, in experi- 
mental studies of the antigens of rickettsiae, it would seem advisable to omit 
the use of ether in the starting material and to add more formalin than is eus- 
tomary in vaccine preparation. 


SUMMARY 


1. Procedures for rickettsial cultivation in fertile eggs are described that 
have given good results in our hands. 

2. The age of chick embryos, the temperature of incubation, and the con- 
centration of the inoculum are all important factors and are interrelated. 

3. The chick embryo was found to be more susceptible to epidemie typhus 
and virulent spotted fever than was the guinea pig. The susceptibility of these 
two hosts appeared to be about the same for murine typhus. 

4. No neutralization in eggs of typhus or spotted fever rickettsiae with the 
respective rabbit immune globulins could be obtained. 

5. A higher percentage of lethal yolk sacs was found from murine- than 
from epidemic-infected eggs when the yolk saes were tested for toxicity by the 
intravenous route in mice. 

6. Studies of yolk and yolk sae antigens of typhus-infected eggs indicated 
that the immunizing antigens found in the supernatants of centrifuged rick- 
ettsial suspensions occurred as the result of dissolution of rickettsiae during 
growth or manipulation. 


The author is indebted to Jane MeKinney, for technical assistance in some phases 
of this work. 
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LIVER FUNCTIONAL IMPAIRMENT IN THERAPEUTIC MALARIA 
WITH PARTICULAR REFERENCE TO THE UNSUCCESSFUL 
USE OF METHIONINE AS A PROTECTIVE AGENT 


C. D. Coox, M.D., anp F. W. Horrsaurr, M.D. 
MINNEAPOLIS, MINN. 


ALARIA inocula produces transient but readily detectable impairment of 

liver function. Kopp and Solomon! noted bromsulfalein retention, a 
decrease in cholesterol esters, a diminished hippuric acid exeretion, and the 
development of a strongly positive cephalin-cholesterol flocculation test in nine 
patients. Evidence of liver functional derangement was likewise observed by 
Fredricks and Hoffbauer® in thirty-one patients receiving malarial therapy. 
In the latter study, the evidence of disturbed liver function consisted of mild 
elevations of serum bilirubin, increased excretion of urobilinogen in the urine, 
retention of bromsulfalein, and the development of positive cephalin-cholesterol 
flocculation tests. In a recent report Guttman and associates* have clarified 
the mechanisms by which the cephalin-cholesterol test becomes positive in 
malaria. They emphasize the profound changes in the serum proteins, changes 
that in all probability reflect deranged hepatic function. 

The development of abnormalities of liver function has been quite constant. 
It was evident that malaria inocula represented one form of liver injury in hu- 
man beings in which a clinical study might be made of the possible effective- 
ness of substances which are believed to protect the liver against injury. 

The sulfur containing amino acid, methionine, has been reported by Miller 
and Whipple‘ to be the most effective factor in the protection of the liver against 
chloroform damage in protein-depleted dogs. Spontaneous liver injury de- 
velops in rats when the protein intake is inadequate, as in synthetic diets con- 
taining 10 per cent or less of casein. That the addition of methionine to such 
diets prevents the injury has been demonstrated by Gyorgy and Goldblatt,° 
Webster,® Blumberg and McCollum,’ and Lillie, Daft, and Sebrell.6 Additional 
evidence for the liver protective action of this amino acid is presented in the 
experimental studies of Himsworth and Glynn® and Goodell, Hanson, and 
Hawkins.*° The latter group reported some degree of protection against arsen- 
ical injury of the liver in the protein-depleted dog. There is thus ample evi- 
dence from experimental investigations that methionine aids in the protection 
of the liver against toxic agents in the presence of a protein-deficient diet. 

The evidence for the beneficial effect of methionine when the diet prior 
to the injury was presumably not deficient in protein is not, however, as clear 
cut. Beattie and Marshall"! report that the occurrence of liver damage during 
arsenical treatment of syphilis can be greatly reduced by the administration of 
methionine or casein digests. The latter are known to be a potent source of 
methionine. In a large series of cases of infectious hepatitis and postarsphena- 
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mine jaundice, Beattie and Marshall’? report very beneficial results by the use 
of methionine or of methionine containing supplements. Eddy,’* * ” in two re- 
cent reports, has commented favorably on the clinical use of this substance. 

When methionine administration is subjected to critical analysis, as, for 
example, using it for alternate cases of hepatitis, its lack of clinical value be- 
comes apparent. Two such studies have been reported in England. Wilson, 
Pollock, and Harris** studied a series of 100 cases of infective hepatitis. Al- 
ternate patients were given 5 Gm. of methionine daily. A comparison of clin- 
ical and chemical criteria revealed no significant effect. In a similar study of 
thirty-seven patients, Higgins and co-workers'® found that ‘‘treatment with 
methionine did not significantly affect the clinical course of the illness, the 
anorexia, or the average duration of biliuria or of bilirubinemia.’’ 

The purpose of the present study was to determine whether methionine, 
given during therapeutic malaria, would prevent the alterations in liver fune- 
tion which would otherwise be expected.* 


MATERIAL AND METHODS 

This study comprised a group of twelve patients admitted to the University 
of Minnesota Hospitals for fever therapy by inoculation malaria. All but one 
(Case F}) were admitted to the Dermatological Service.t The pertinent clinical 
data on these patients are shown in Table I. None of the patients had been 
previously subjected to malaria and none had had jaundice or infectious hepa- 
titis in so far as could be determined by the history. In no case was there any 
physical evidence of hepatic disease at the time of admission (such as hepa- 
tomegaly, splenomegaly, evidence of collateral circulation, spider nevi, palmar 
erythema). 

The malarial inoculation was carried out with citrated blood containing 
Plasmodium vivax parasites. The route was intravenous in eleven of the 
patients and intramuscular in one (Case F). The plan of the malarial fever 
therapy is to maintain a fever of over 103° F. for a total of fifty hours. This 
usually comprises from seven to eleven paroxysms. 

All patients were offered the general hospital diet both before and during 
the fever. The average daily caloric intakes and the average amounts of carbo- 
hydrate, protein, and fat ingested daily during the course of the malaria are 
shown in Table I. All patients received fluids ad libitum. They were each given 
3 Gm. of sodium chloride daily in addition to the table salt used. Alternate 
patients were given a supplement of 2.7 Gm. of methionine§ three times a day 
with meals, a total of 8.1 Gm. daily. 

Under the regime described, seven of the patients lost more than three 
pounds in weight, the greatest loss being twenty-one pounds; five patients were 
able to maintain their admission weight or showed only slight loss. In the 


*The possible value of such an experiment was suggested by Dr. Paul Gyérgy during 
discussion of the previous results of Fredricks and Hoffbauer? at the Second Liver Injury 
Conference sponsored by the Josiah Macy, Jr., Foundation, New York, N. Y., Sept. 22, 1944. 

+This case was studied on the Neuropsychiatric Service. We are indebted to Dr. J. Cc. 
McKinley for permission to make these observations, 

tWe are indebted to Dr. Henry E. Mickelson of the Dermatological Service, for per- 
mission to study these cases. 

§The methionine for this study was made available through the courtesy of Dr. Richard 
Johnson, Medical Director of John Wyeth & Brother, Inc., Philadelphia, Pa. 
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twelve patients, the average number of chills was 8.8 and the average number 
of hours of fever over 103° was forty-two. 
Four laboratory methods of detecting disturbed liver function were used. 
They were selected on the basis of sensitivity and simplicity. Determinations 
were carried out on three occasions in each instance: (1) prior to the develop- 
ment of fever, (2) approximately halfway through the course of the malarial 
paroxysms, (3) from one to three days after the termination of fever by quinine. 
The level of the serum bilirubin was measured by the modification of the 
Malloy and Evelyn technique’ recently published by Duecci and Watson.%* The 
one-minute or prompt direct-reacting bilirubin rarely, if ever, exceeds 0.2 mg. 
per 100 e.ec. under normal circumstances.* The total bilirubin, measured after 
additions of alcohol, is usually less than 1.0 mg. per 100 ¢.ec. Elevations of the 
delayed- and indirect-reacting bilirubin (total minus one minute or T — 1-minute 
fraction) are characteristic of retention jaundice, while elevations of the one- 
minute or prompt direct-reacting bilirubin are seen in regurgitation jaundice, 
whether due to parenchymal liver disease or extra hepatic biliary obstruction. 
The bromsulfalein test is a helpful means of recognizing impaired liver 
function in the nonjaundiced patient. The technique advocated by Mateer and 
co-workers'* was employed in the present study. Five milligrams of the dye 
per kilogram of body weight were given intravenously in the fasting state. A 
single sample of blood was withdrawn at forty-five minutes. The determina- 
tions were made on the serum after protein precipitation. The concentration 
of the retained dye was determined in the Evelyn photoelectric colorimeter; a 
concentration of 10 mg. per 100 ¢.e. was considered to be 100 per cent. This 
is based on the arbitrary assumption of a plasma volume of 50 ¢.e. per kilogram 
as explained by Lichtman.'® Normal individuals show no retention of the dye 
at forty-five minutes. The use of the photoclectrie colorimeter permits a more 
sensitive and accurate reading than can be obtained with the comparator block. 
The excretion of increased amounts of urobilinogen in the urine is believed 
to be an evidence of reduced hepatocellular function. The method of estimating 
the intensity of the Ehrlich reaction®® was employed. This is not a precise 
method of determining urobilinogen, but it reveals increases of the latter sub- 
stance with sufficient accuracy and faithfulness for clinical purposes. The 
amount of Ehrlich-reacting substance is recorded in Ehrlich ‘‘units’’ for a 
. two-hour urine sample from (2 to 4 p.m.). Ninety-five per cent of normal in- 
; dividuals between the ages of 18 and 25 years were found to excrete less than 
1 unit in the two-hour sample. While the exact upper limit of normal for all 
ages and conditions, such as exertion, fatigue, and type of diet, cannot be stated, 
it is believed that values above 1.5 are in all probability abnormal.* In most 
instances in the present study, analyses were made on samples from 2 to 4 
P.M. collected on two successive days during each of the three periods. 

The development of a positive cephalin-cholesterol flocculation reaction in 
parenchymal hepatic disease as observed initially by Hanger? is well known. 
The occurrence of a positive test in malaria has been noted by Kopp and Solo- 
mon, by Greene,?? and by Mirsky and associates.2* The studies of Guttman and 
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co-workers® demonstrate clearly the relationship of this phenomenon to altera- 
tions in the serum proteins induced by malaria. In the study of Fredricks and 
Hoffbauer,? referred to previously, twenty-two of twenty-eight patients ex- 
hibited 3 plus or 4 plus reactions immediately after completion of malarial 
therapy. The values in that study were reported as forty-eight-hour readings. 
In the present group of cases, the values are reported as the twenty-four-hour 
reading; lower values, 2 plus and 3 plus reactions, have greater significance 
at twenty-four than at forty-eight hours. 


RESULTS 


In Figs. 1 to 4 are illustrated the results of the liver function tests before, 
during, and after malaria therapy in the control patients and in the alternate 
patients with methionine added to their diets. 
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Fig. 1.—Cephalin-cholesterol fiocculation “<- in twelve patients receiving induced malarial 
evers. 


The cephalin-cholesterol flocculation test is shown in Fig. 1. It is apparent 
that there is no appreciable difference between the control and methionine-fed 
groups. It was observed that the test tended to become positive rather late in 
the course of the malaria and remained positive after the malaria had been 
terminated. 


The results of the one-minute and total serum bilirubin determinations 


are shown in Fig. 2. It is seen that the total serum bilirubin was elevated 
during malaria in seven patients and within normal limits in five. Of these 
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five, one was in the control group and four were in the methionine-fed group. 
One patient (Case C) showed a uniformly high serum bilirubin throughout the 
period of study. This patient undoubtedly had a rather pure retention jaundice, 
probably of hemolytic type, since the mean cell diameter of the red blood cells 
was but 6.8 », and the fragility was moderately increased (H; 0.50, H: 0.32; 
eontrol, H: 0.44, H: 0.82). Unfortunately, the feces urobilinogen was not de- 
termined. It is of interest to note that the level of the total serum bilirubin 
in this patient actually decreased slightly during the febrile period, although 
there was a slight increase in the concentration of the one-minute bilirubin. 


Study of Liver Function in Therapeutic Malaria 


Serum Bilirubin 






































4.00 General Diet General Diet +Methionine 3./Gm per day 
| I | | 
| 
ieee ae Total 
lL. | 
oo vas = oe 
E | | 
3 
bed | 
s | | 
3 | 
J Ls | 
4 2.00 |-— : }-——4 }———--- enor 
S | 
a | | 
E 
cs 
= 1.00 1 -_—i|__—_-. Be 


























0.00 
Patient ABCDEF ABCDEF ABCDEF GHIJKL GHIJKL GHIJKL 
Before During After Before During After 


Fig. 2.—The quantitative serum bilirubin determination in twelve patients receiving 
induced malarial fever. The upper limit of the one-minute value in the normal is accepted 
as 0.2 mg. per cent and‘the total as 1.0 mg. per cent. For discussion of this and of the 
abnormal initial value in Case C, see text. 


This decrease is somewhat difficult to reconcile with the usual explanation of 
retention jaundice, namely, diminished hepatocellular ability to clear the blood 
bilirubin. There was, in all probability, an actual increase in production of 
bilirubin during this period because of the increased rate of blood destruction 
which is so characteristic of malaria. Despite the increased load, the liver 
appeared to have actually ‘‘cleared’’ the bilirubin more effectively, if one can 
judge from the values noted. The patient was studied six months later and 
again the total serum bilirubin was elevated, 2.6 mg. per 100 c¢.c., although the 
one-minute reading was only 0.2 mg. per 100 ¢e.c. The liver and spleen at this 
time were enlarged and readily palpable. As already noted, the fragility of 
the erythrocytes was somewhat increased. The red blood cell count and the 
hemoglobin values were normal. The number of circulating reticulocytes was 
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Fig. 3.—The quantitative urine Ehrlich reaction, a_ measure of urobilinogen excretion, 
in twelve patients receiving induced malarial 
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Fig. 4.—Degree of bromsulfalein retention in twelve patients receiving induced malarial 
fevers. Readings were made forty-five minutes after the injection of 5.0 mg. of the dye per 
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normal. Thus the evidence, although equivocal, suggests that the case is more 
likely an example of latent familial hemolytic jaundice rather than constitu- 
tional hyperbilirubinemia. 

The Ehrlich reaction on 2 to 4 P.M. urine samples on two consecutive days 
before, during, and after malaria is shown in Fig. 3. This value was elevated 
in nine of eleven patients in whom the test was performed during malaria and 
in seven of eleven patients in whom the test was performed following termina- 
tion of the malaria. No appreciable difference was noted between the results 
in the control patients and those given methionine. 

The results of the bromsulfalein test are shown in Fig. 4. Positive results 
are noted in every instance during malaria. In one instance (Case H) the 
initial test was not run until the patient had already had seven and one-half 
hours of fever over 100° F.; 19 per cent retention was observed. At the same 
time, in this instance, all the other tests were still within normal limits. Later, 
as is shown in Fig. 4, the degree of dye retention in this patient (Case H) was 
still greater (29 per cent). Again there was no appreciable difference between 
the control and the methionine-fed groups as judged by the bromsulfalein test. 


DISCUSSION 
Impairment of liver function, detectable by suitable laboratory tests, has 
again been observed in patients receiving therapeutic malaria. These patients 
have been studied in order to evaluate the possible protective effects of extra 
methionine over and above that contained in the diet. Such a method of clinical 
evaluation seemed especially desirable in view of some of the favorable clinical 
reports!!! on the beneficial effects of methionine in hepatic disorders. In six 
patients with malaria, methionine, given orally in doses of 8.1 Gm. daily, exerted 
no beneficial effects that could be detected. The methionine-treated patients 
exhibited the same abnormalities as did those in the control group. The disturb- 
ances in liver function are usually transitory and revert to normal sometime 
after termination of the fevers. 
SUMMARY 


1. Twelve patients with therapeutic malaria were studied before, during, 
and after the malaria with regard to liver function. Four laboratory tests, the 
cephalin-cholesterol flocculation, the quantitative serum bilirubin, the quanti- 
tative Ehrlich reaction, and the bromsulfalein test, were used. 

2. Alternate patients, six of the twelve, were given 8.1 Gm. of methionine 
orally per day in addition to a general hospital diet. The other six served as 
controls and received the same diet without extra methionine. 

3. All twelve of the patients studied exhibited some evidence of disturbed 
hepatie function as measured by the four tests. 

4. In ten of the twelve patients, there were functional abnormalities from 
one to three days after the termination of the malaria. 

5. The daily addition of methionine to the diet failed to provide any evi- 
dence of protection of liver function. 


The authors wish to express their appreciation to Dr. C. J. Watson for his encourage- 
ment and helpful suggestions in this study. 
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THE FORMATION AND EXCRETION OF ACETYLATED 
SULFONAMIDES 
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HILE a fairly comprehensive literature on the pharmacology of the prin- 

cipal sulfonamides exists, the systematic investigation of their acetylated 
derivatives has been neglected, comparatively, except in a few instances. How- 
ever, we have felt that a fairly comprehensive study of their rates of acetylation, 
the plasma protein binding of the acetylated forms, their renal clearance and 
the effect of alkali thereon, and the rate of falling plasma concentration of these 
conjugated sulfonamides would yield information of considerable benefit to 
the over-all understanding of the pharmacology of these agents. The acetylated 
forms of sulfamerazine, sulfadiazine, sulfamethazine, and sulfathiazole have 
been the compounds used in this investigation. 


EXPERIMENTAL 


Study of the Rate of Acetylation—A study of the rate of acetylation of 
sulfamerazine, sulfadiazine, sulfamethazine, and sulfathiazole was carried out in 
two-stage bilaterally nephrectomized rats. This operative measure was con- 
sidered desirable since the rate of acetylation and the clearance of both the free 
and combined forms of the compounds varied considerably. Actually, curves 
presented in the literature representing the amount of conjugated sulfonamide 
appearing in the blood stream are integrations of the operation of these several 
factors. 

Albino rats weighing between 200 and 300 grams were nephrectomized 
unilaterally and allowed ten days or longer in which to recover from this first 
stage. Following recovery the second kidney was removed late in an afternoon 
and the animals were allowed to recover overnight from the surgical procedures. 
This tended to minimize the shock of the operations, to yield a low mortality, 
and to produce animals which lived for about ninety-six hours. 


The morning following surgery the rats were injected intraperitoneally 
with 50 mg. per kilogram of one of the sulfonamides. Free and total sulfon- 
amide determinations! were made on samples of whole blood obtained two, four, 
six, and twenty-four hours after administration of the compounds. Thus the 
experiments were completed while the animals could be considered reasonably 
normal. 


The results are presented in Fig. 1. The curves for any one drug repre- 
sent the average percentage acetylation using approximately seventeen animals. 
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Most notable is the very rapid and extensive acetylation of sulfathiazole; sulfa- 
merazine is conjugated slowest and to the least extent. Of the sulfonamide pres- 
ent in the blood stream twenty-four hours following administration, the per- 
centage of each conjugated was 69.4 for sulfathiazole, 47.7 for sulfamethazine, 
42.9 for sulfadiazine, and 35.7 for sulfamerazine. However, it is possible that 
these absolute values are not as reliable as the early rates of conjugation, if it 
be acknowledged that over a long period of time the free and combined com- 
pounds could be excreted into the gastrointestinal tract or otherwise eliminated 
at different rates. 


7Or ° 





ees em sulfathiazole 


i) oO b wn o 
oO oO (e] oO oO 


S) 


Percentage of sulfonamide acetylated 











6 24 
Time in hours 
fig. 1—Demonstrating the percentage acetylation of sulfonamides in bilaterally nephrectomized 


rats as calculated from their free and combined concentration in blood. 

As a check on these results, we repeated the experiments using normal rats 
and the same dosage of sulfonamides. Since the blood levels fell off rapidly, 
and the differences between free and total sulfonamide were not great, these 
data have been omitted from Fig. 1. The absolute values for these are included 
in Table I. The principal difference between the two sets of data is that in the 
latter experiments the percentage of combined sulfamerazine in the blood stream 
was slightly greater throughout than that of combined sulfadiazine. This is in 
accordance with the findings of Welch and associates.” 

The data on the bilaterally nephrectomized animals, especially the twenty- 
four hour values, while not complicated by urinary excretion, do not account for 
the gradual falling off of both free and total sulfonamide content of the blood 
(Table I), which is probably due to excretion directly into the gastrointestinal 
tract, indirectly through the hepatobiliary system, or inactivation in some other 
manner. 
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TABLE I. COMPARISON OF FALLING PLASMA CONCENTRATION OF FREE AND TOTAL SULFONAMIDES 
IN NORMAL AND BILATERALLY NEPHRECTOMIZED RATS FOLLOWING THE INTRAPERITONEAL 
ADMINISTRATION OF 50 MG. PER KILOGRAM (DATA REPRESENTS AVERAGE 
FIGURES [MILLIGRAMS PER 100 C.C.] FoR FROM TWELVE TO 
SEVENTEEN ANIMALS FOR EACH EXPERIMENT) 



































SULFATHI- 

SULFAMERAZINE SULFAMETHAZINE _ SULFADIAZINE | AZOLE 
NEPHREC- NEPHREC- NEPHREC- NEPHREC- 
oj |_TOMIZED NORMAL TOMIZED NORMAL TOMIZED NORMAL TOMIZED 
=| FREE TOTAL] FREE|TOTAL| FREE |TOTAL| FREE |TOTAL| FREE face FREE |TOTAL| FREE | TOTAL 
DRUG DRUG | DRUG | DRUG | DRUG | DRUG | DRUG | DRUG| DRUG | DRUG ao DRUG | DRUG | DRUG 

2 80 85 7.9 82 65 74 75 82 84 89 69 7.1 3.8 5.3 
473 81 60 63 56 74 55 6.1 79 89 5.2 5.3 2.8 5.2 
6 65 75 52 55 46 66 40 44 70 84 42 4.1 21 4.8 
24.34 #53 #10 12 20 40 O02 05 38 68 04 0.7 0.8 2.6 








Since in these experiments we eliminated the renal factor in the pharmaco- 
dynamic picture, the renal clearance of the compounds was evaluated as a sepa- 
rate study. 

Renal Clearances of Acetylated Sulfonamides.—The renal clearances of 
acetylated sulfonamides were investigated in dogs in a manner strictly com- 
parable to the procedure which we previously described.? Briefly, simultaneous 
sulfonamide and creatinine clearances were performed before and after the 
oral administrations of 7 Gm. of sodium bicarbonate, or additional water. The 
bicarbonate or water was added to alkalize the urine or induce diuresis, the two 
common procedures for decreasing the tendency of sulfonamides to produce 
erystalluria. The amount of sulfonamide administered subcutaneously at the 
beginning of each experiment was 0.5 Gm. 


TABLE II. SUMMARY OF DATA ON RENAL CLEARANCE OF ACETYLATED SULFONAMIDES NORMALLY 
AND AS INFLUENCED BY ALKALIZATION AND DIURESIS 




















PLASMA 
ADMIN. |CONCEN- 
SOD. | TRATION CREAT- | SULFON- 
BICARB. OR| (MG./ URINE | ININE | AMIDE | CLEAR- 
ADD. 100 (voL./ | CLEAR- | CLEAR- ANCE 
SULFONAMIDE WATER* | C.C.) MIN.) ANCE | ANCEt | RATIO pH 
Effect of NaHCO, (pH) 
Acetylsulfamerazine B 4.6 4.26 59.2 58.4 0.99 6.25 
A 3.9 4.74 62.7 71.3 1.23 7.45 
Acetylsulfamethazine B 5.8 3.61 64.0 44.4 0.70 6.41 
A 6.5 4.58 54.8 50.7 0.95 6.93 
Acetylsulfadiazine B 4.4 4.32 63.3 56.6 0.90 6.38 
A 4.1 3.38 57.5 62.3 1.08 7.97 
Acetylsulfathiazole B 5.5 4.46 69.7 122.8 1.78 6.49 
A 4.4 3.35 65.1 176.5 2.71 8.03 
Effect on Low and High Urine Flow 
Acetylsulfamerazine B 4.4 0.51 68.8 59.6 0.88 5.80 
A 4.1 5.30 70.1 79.6 1.12 6.40 
Acetylsulfamethazine B 6.6 0.50 54.7 34.4 0.61 6.84 
A 6.4 4.05 61.8 45.5 0.72 6.50 
Acetylsulfadiazine B 4.6 0.64 56.1 50.8 0.88 6.53 
A 3.4 4.67 60.8 62.8 1.02 6.49 
Acetylsulfathiazole B 5.1 0.42 61.5 92.3 1.51 7.59 
A 4.1 4.32 63.0 157.6 2.51 6.52 








| 





*B, Before; A, After. 
¢Corrected for binding on plasma albumin. 
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The data averaged in Table II demonstrate much higher renal clearances 
of the acetylated compounds than of the corresponding free drugs. The average 
normal clearances in cubic centimeters per minute were acetylsulfamerazine, 
58.4; acetylsulfamethazine, 44.4; acetylsulfadiazine, 56.6; and acetylsulfa- 
thiazole, 122.8. The clearances of the corresponding unacetylated amines were 
sulfamerazine, 9.3; sulfamethazine, 7.1; sulfadiazine, 15.8; and sulfathiazole, 
35.4.3 

While either alkalization or increasing urine flow increased the clearances 
of the acetylsulfonamides, their effects were not as pronounced on a percentage 
basis as were their effects on the unconjugated compounds. However, the fact 
that both these measures increased the clearances of the compounds, even where 
their normal clearance ratios were about or above 1.0, made it appear that they 
were reabsorbed passively to some extent and that this property was influenced 
considerably by the concentration of electrolyte in the urine. This was espe- 
cially notable in the case of acetylsulfathiazole. 

There are several reports that indicate that the acetylated forms of hone 
sulfonamides tested are secreted by the renal tubular epithelium of man. Thus, 
Earle* found the average clearance ratio for sulfamerazine to be 0.15, whereas 
the corresponding value for acetylated sulfamerazine was 2.42. Parenthetically, 
a value for clearance ratio less than 1.0 indicates active or passive reabsorption ; 
a value greater than 1.0 is taken to indicate tubular excretion of a compound. 
Loomis and co-workers® reported the clearance ratio of sulfanilamide to be 0.45 
and that for acetylsulfanilamide to be 1.03. These data are not corrected for 
binding of the sulfonamide on plasma protein and hence are not strictly com- 
parable to Earle’s results, although such a correction would not influence these 
data qualitatively or to a great extent quantitatively, judging from the re- 
ported figures for the plasma binding of sulfanilamide® and from what is re- 
ported herein about the comparative binding of free and acetylated sulfonamides. 
Reinhold and associates’ found the clearance ratios of free and acetyl sulfa- 
diazine to be 0.31 and 0.82; sulfathiazole, 0.87 and 2.11; and, interestingly 
enough, sulfapyridine, 0.28 and 0.23. On the whole, it appears that both man 
and dogs tend to reabsorb and so retain the therapeutic form of the drugs and 
to excrete the inactive form of the agents at a relatively very rapid rate. By con- 
trast, penicillin, the principal representative of another class of chemotherapeu- 
tie agents, has the very highest renal clearance. It is cleared from the blood 
stream as rapidly as it is brought to the nephron.* 

Binding of Acetylated Sulfonamides on Plasma Proteins.—The bindii: of 
acetylated sulfonamides on plasma proteins is, in general, of much the same 
order of magnitude as that of the unacetylated or free compounds. This gen- 
eralization is borne out by the data presented in Table III. There are two dis- 
erepancies in the table worthy of note and speculation as to cause. In every 
instance the binding of these compounds on human plasma proteins is greater 
than on dog plasma. The method was the same throughout, being essentially 
the equilibration of sulfonamide in buffer and plasma by dialysis through a 
Visking membrane and correcting the results to a standard plasma albumin con- 
centration. Also, there appears to be very good agreement between the data 
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TABLE III. COMPARISON OF BINDING OF FREE AND ACETYLATED SULFONAMIDE ON HUMAN AND 
Dog PiasMA: THE INITIAL EQUILIBRIUM CONCENTRATION ON BOTH SIDES OF THE 
MEMBRANE, 5 Ma. Per 100 c.c.; TEMPERATURE, 37° C.; DURATION, EIGHTEEN Hours 
(RESULTS CORRECTED TO A PLASMA ALBUMIN CONCENTRATION OF 4 GM. PER 100 

c.c. FOR MAN AND 3.5 GM. Per 100 c.c. ror Dogs) 


PERCENTAGE BOUND 











COMPOUND HUMAN PLASMA DOG PLASMA 
‘ Sulfamerazine 78.2 36.4 
Acetylsulfamerazine 19.7 44.6 
Sulfamethazine 89.2 60.7 
Acetylsulfamethazine 90.4 64.6 
Sulfadiazine 44.8 16.4 
Acetylsulfadiazine 49.1 28.7 
Sulfathiazole 70.9 53.2 


Acetylsulfathiazole 


75.0 79.8 
for free and acetylated compounds in human plasma and somewhat more free- 
dom in the comparisons based on dog plasma protein binding. 

Davis has reported,? and we have confirmed his finding, that essentially 
all the binding of sulfonamides is on the albumin fraction of plasma, but we have 
seen that the binding of these same agents varies definitely from one species to 
another. A most interesting observation of Reinhold and Flippin’? which may 
well fit into this discussion was that the binding of sulfonamides on the plasma 
of patients with cirrhosis or those in the late stages of certain infectious diseases 
was considerably less than normal, although the values were corrected to stand- 
ard plasma albumin concentration. Thus, it appears that not only is the amount 
of albumin altered in these diseases, but also its binding characteristics. One 
might speculate that this difference in albumin binding of compounds due to 
disease or species difference may be as important as the role of that protein in 
hemodynamics. 

Plasma binding experiments were performed over a range of concentrations 
from 5 to 100 mg. per 100 ¢.c. for both the free and acetylated compounds. 
These were for the purpose of determining whether the compounds followed the 
conventional Fruendlich isotherm over this range of concentrations. In Fig, 2 
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Fig. 2.—Plasma protein binding of sulfamerazine, O, and acetylsulfamerazine, X, ex- 
pressed as an isotherm. Temperature and duration of equilibration were 37° C. and eighteen 
hours, respectively; pH was buffered at 7.4, 
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is illustrated the ‘‘fit’’ of such binding data for a single sulfamerazine experi- 
ment to these conditions as being representative of the group. It is also ap- 
parent that both the unconjugated and acetylated compounds may be repre- 
sented by the same curve. 

Falling Plasma Concentrations of Free and Acetylated Sulfonamides.—The 
falling plasma concentrations of free and acetylated sulfonamides can be com- 
pared easily in dogs by administering either form of a compound with the as- 
surance that the free form will not be conjugated. On the whole, then, the rate 
of fall of these plasma concentrations, when the individual sulfonamides are 
administered subeutaneously, is substantially a function of their renal clearances. 


TABLE IV. COMPARISON OF PLASMA CONCENTRATIONS OF FREE AND ACETYLATED SULFONAMIDES 
FOLLOWING SUBCUTANEOUS ADMINISTRATION OF 1 GM. or DRUG TO DOGS 








AVERAGE PIYASMA CONCENTRATION IN MG./100 C.c. 








1 HR 2HR. 4 HR. 6 HR. 2 ur. 24 HR. 
Sulfamerazine 8.3 8.7 7.6 6.3 3.9 La 
Acetylsulfamerazine 7.8 6.9 4.5 3.4 1.4 0.7 
Sulfadiazine 7.5 7.8 6.8 5.4 22 13 
Acetylsulfadiazine 6.4 6.4 5.2 3.7 1.5 0.3 
Sulfamethazine 8.4 8.7 7.0 5.5 5s 1.3 
Acetylsulfamethazine 8.8 7.6 6.0 4.2 1.7 0.5 
Sulfathiazole 5.5 6.1 4.8 3.1 1.2 0.3 
Acetylsulfathiazole 7.2 6.3 4.0 2.4 0.4 0.1 


| 
| 


It may be seen, by comparing the data in Table IV, that the fall of the 
plasma concentration of all the acetylated compounds was much more rapid than 
that of the free form of the drugs. These data represent averages of eleven 
experiments on seven dogs for the free compounds and four experiments on four 
dogs for the conjugated sulfonamides. Four of the animals were used for both 
types of experiments. One gram of the drug was administered subcutaneously 
to each animal. 

SUMMARY 


This work has served to bring together in a single study a number of the 
principal problems having to do with the formation and elimination of acetylated 
sulfonamides. The results may be summarized in a general manner as follows: 


1. Sulfathiazole is conjugated in the body at a considerably greater rate 
and to a greater extent than are the pyrimidine derivatives. Of the latter group, 
sulfamethazine is conjugated most rapidly and to the greatest extent. 


2. At a given plasma concentration, both the free and conjugated sulfon- 
amides are bound to approximately the same extent on plasma proteins. This 
is especially true for human plasma albumin and less true for dog plasma, which 
normally binds sulfonamides to a lesser extent. 

3. The renal clearances of all the acetylated sulfonamides tested were 
greater than those of the unconjugated form, the clearance of acetylsulfathiazole 
being by far the greatest. Even though the clearances of the compounds, except 
for acetylsulfamethazine, approximated or exceeded the glomerular filtration, 
sodium bicarbonate or the production of diuresis increased still further the 
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clearances of all the sulfonamides. Thus, these measures for the minimizing of 
sulfonamide renal complications appear to impede the probably passive reab- 
sorption of the compounds. 

4. It follows from a consideration of results 2 and 3 that the plasma con- 
centration of the acetylated forms of these agents should fall more rapidly after 
a single standard parenterally administered dose than after the injection of 
the uneonjugated form of the agents. This was found to be true. 

5. Finally, any attempt to integrate all these variables together with those 
for the unconjugated sulfonamides immediately becomes very involved when 
expressed in writing for even a single compound. However, an intimate work- 
ing knowledge of them is requisite to a full appreciation of the advantages and 
limitation of present compounds and is of uppermost importance in the 
pharmacologic evaluation of new chemotherapeutic agents. 
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MISCELLANEOUS PHARMACOLOGIC ACTIONS OF CITRININ 


WeI-CHang Cuu, M.D. 
San FRAnNcIsco, CAuir. 


omen netie is the antibiotic substance produced by the molds Penicillium 
citrinum Thom,’ Aspergillus terreus Thom,? and Aspergillus candidus.* 
It has been also found in a flowering plant Crotolaria crispata.* Its chemical 
composition and structure have been established chiefly by Hetherington and 
Raistrick' and Coyne, Raistrick, and Robinson.’ It is an organic acid but has 
not been synthesized. It is stable and ean be autoclaved at fifteen pounds of 
pressure for twenty minutes without loss of antibiotic power.® It has a fairly 
high antibiotic action on most gram-positive bacteria,’~® but, unfortunately, it is 
rather toxie for higher animals.'° 

According to Timonin,® citrinin is useful, though weaker than penicillin, 
in the local treatment of sore throat, of the common cold, and of abscesses. How- 
ever, nothing is known about its local effects, possible injuriousness to mucous 
membranes and skin, and systemic effects and absorption from various regions, 
especially from local applications. This report presents results of various tests 
aimed to provide this desirable information.* 


LOCAL EFFECTS ON SKIN AND MUCOUS MEMBRANES 


Skin—On human and rabbit skin, citrinin in the form of pure powder, 
ointments of from 1 to 5 per cent, and aqueous solutions of from 1 to 20 per 
cent made from its sodium salt produced no demonstrable irritation. When 
injected intradermally in man, the sodium citrinin in 1 and 2 per cent strengths 
also produced no demonstrable effects. When injected intradermally in rabbit 
skin or subeutaneously, it produced only slight redness, which was stained lo- 
eally a slightly bluish color after intravenous injection of trypan blue, 10 mg. per 
kilogram, thus suggesting slight capillary dilatation. 

Mucous Membranes.—When the nose and pharynx of four persons were 
sprayed by atomizer with citrinin sodium 0.05 per cent (pH 7.0), there was no, 
or barely detectable, irritation; 0.1 per cent caused definite, though moderate, 
burning, and 0.2 per cent still more. Spraying, instillation of drops, or topical 
applications with cotton pledgets of solutions of 1 and 2 per cent produced an 
immediate and marked burning sensation with lacrimation which lasted for 
about ten minutes. Instilled into conjunctivas of three rabbits, a 1 per cent 
solution produced no effects; 2 per cent, a moderate hyperemia, but no chemosis ; 
5 per cent, chemosis with profuse lacrimation. One-tenth per cent solution pro- 
duced no demonstrable effects on the conjunctivas of two cats, but 1 per cent 
produced hyperemia, and 2 per cent, chemosis and lacrimation. On the frog 
web, 0.6 per cent solution produced a slight vasodilatation and 0.8 per cent, a 
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*The citrinin used was generously supplied by Dr. M. Timonin, Agricultural Scientist, 
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marked and persistent vasodilatation. Generally, for mucous membranes, there- 
fore, citrinin is somewhat irritating in concentrations of 0.1 and 0.2 per cent 
but not objectionable in concentrations of 50 mg. per cent used as spray ; much 
higher concentrations are definitely and sometimes markedly irritating. 

Ciliary Activity—Isolated frog esophagus was split into halves longitud- 
inally, spread out flat, and the time required for a small granule of cork to travel 
a distance of 1 em. was recorded. An average of three successive results was 
used as the state of initial activity. Then a cotton pledget soaked with Ringer’s 
solution was applied to one-half the esophagus (control), a pledget soaked with 
citrinin sodium solution (pH 7.0) to the other half, each for fifteen minutes, the 
ciliary activity redetermined, and any differences estimated. 
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Fig. 1.—Effect of citrinin sodium in different concentrations on ciliary activity in frog 
esophagus. 





The results on three frogs used for each concentration of citrinin were as 
follows: 0.1 per cent solution produced only a slight slowing of the ciliary ac- 
tivity ; 0.2 to 0.4 per cent depressed it to about one-third to one-half and 0.6 to 
0.8 per cent to about one-tenth the original activity. Sometimes the highest con- 
centrations caused stoppage of the cilia. However, the strongest depression was 
completely reversible by washing with saline solution, when washed within 
twenty minutes. The results are presented graphically in Fig. 1. 

NERVE FUNCTIONS 

Reflex Time.—The reflex time was determined by dipping the legs of de- 
capitated frogs into 0.5 per cent hydrochloric acid according to the Tuerck 
method. The average of three results gave the initial reflex time. Then one foot 
was soaked in Ringer’s solution (control) and another in citrinin sodium solu- 
tion, each for fifteen minutes, the reflex time redetermined, and any difference 
estimated. The results on three frogs for each solution of citrinin sodium from 
0.1 to 0.6 per cent produced no demonstrable effects on the reflex time. With 
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concentrations of 0.8 to 2 per cent the reflex time was doubled, thus indicating 
some depression of sensory nerves. However, complete local anesthesia was not 
produced. 

Contralateral Reflex Time.—The sciatic plexuses of decapitated frogs were 
exposed and contralateral reflex time for legs was determined by electrical stim- 
ulation of an opposite leg, an average result being obtained from three suc- 
cessive determinations. Then one plexus was covered with cotton soaked in 
Ringer’s solution (control) and the opposite plexus with cotton soaked in a 
eitrinin sodium solution, each for fifteen minutes, when the contralateral reflex 
times were redetermined. The average of three frogs for solutions of citrinin 
sodium from 0.1 to 0.8 per cent showed no differences from the controls, thus 
indicating that sensory conduction in the fibers was not affected. 

Motor Nerve Irritability—Threshold faradic stimuli were determined for 
the sciatic nerve trunks of frog muscle-nerve preparations. The stimulations 
were made before and after wrapping the nerves with cotton pledgets soaked 
in Ringer’s solution (control) and their companions with pledgets soaked in 
citrinin sodium in concentrations from 0.1 to 0.8 per cent, each for fifteen min- 
utes, when the thresholds were redetermined. The averages for three frogs used 
for each solution showed that there were no demonstrable changes in sciatic 
nerve irritability. 

ABSORPTION FROM MUCOUS MEMBRANES 

Nose.—Citrinin sodium in 20 per cent solution was instilled in doses of 
from 25 to 120 mg. of citrinin per kilogram, using 0.1 ¢.c. of solution every five 
minutes, into the noses of four rabbits, unanesthetized, and two cats and one 
dog anesthetized with pentobarbital (80 mg. per kilogram intraperitoneally), 
all animals being tied down on their backs with heads lower than their bodies. 
However, the presence of citrinin in the blood and urine was questionable or 
practically negligible (Table I). The solutions were left in the noses for from 
one-half to two hours. The citrinin was estimated by Wolohaiui and Cutting’s 
capillary tube system": using Staphylococcus aureus, the sensitivity limit to 
citrinin being an average of 1:16,000, and Streptococcus hemolyticus, the sensi- 
tivity limit being an average of 1:40,000 (Table IT). 

In two of the cats, the carotid blood pressure was recorded, but no changes 
were demonstrable from the nasal instillations. However, control intravenous 
injections of 10 mg. per kilogram of citrinin in the same animals caused a 
prompt fall in blood pressure. Similar nasal instillations of 0.2 ¢.c. 20 per cent 
mecholyl (0.4 Gm. total) in the same cats caused a prompt fall in blood pres- 
sure, thus showing that the nasal region was functionally capable of absorption. 

Alimentary Canal.—Introduction of the same citrinin solution in the same 
dosage (as in the nose) into the mouths of two similarly pentobarbitalized cats 
with the esophagus tied at the neck resulted again in questionable or negligible 
amounts in the blood and urine (Table I). Injection into ligated esophagus 
and stomach, and loops of duodenum, ileum, and colon of twenty-six similarly 
pentobarbitalized rats, doses of from 25 to 50 mg. per kilogram, resulted in 
definite absorption from all these organs. Blood levels from all organs of from 
1:4,000 to 1:32,000 (average about 1:15,000) could be detected and of about the 
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TABLE I. ABSORPTION OF CITRININ SODIUM FROM DIFFERENT REGIONS AND ORGANS 
CITRININ 
SODIUM ORGAN OR AVERAGE CONCENTRATION OF CITRININ 
(MG./KG.) REGION ANIMAL BLOODt | URINEt 
50 Esophagus Rat 1:16,000 
25 Esophagus Rat (4)* 1:10,000 
50 Stomach Rat (4)* 1:9,500 (1:4000 to 
1:16,000) ¢ 
25 Stomach Rat <1:20,000 
50 Duodenum Rat (4)* 1:12,000 (1:4000 to 
1:20,000) ¢ 
25 Duodenum Rat <1:20,000 
50 Tleum Rat (3)* 1:15,000 (1:400 to 
1:32,000) ¢ 
50 Colon Rat (4)* 1:9,500 (1:4000 to 
1:16,000) ¢ 
25 Colon Rat 1:20,000 
25 Nose Dog <1:16,000 (8S) <1:16,000 
25 Nose Cat <1:40,000 (H) <1:40,000 (H) 
50 Nose Rabbit (3)* <1:16,000 (S) <1:16,000 
50 Nose Cat <1:32,000 (H) <1:32,000 ¢H) 
25 Mouth Cat (2)* <1:40,000 (H) <1:40,000 (H) 
50 Intramuscular Rat (4)* 1:13,000 (1:10,000 
to 1:16,000)¢ 
25 Intramuscular Rat 1:10,000 
20 Intravenous Cat 1:64,000 (H) 1:16,000 
20 Intravenous Rabbit (3)* 1:64,000 (1:32,000 <1:32,000 (H) 


to 1:128,000) (H)t 


*Number of animals used; others were single animals. 


¢Estimations were made with both Staph. aureus and Str. hemolyticus, except those 
marked (S) which were made with Staph. aureus only, and those marked (H) which were 
made with Str. hemolyticus which was more sensitive. The sign (<) means less than. 


tRange. 





TABLE If, MINIMUM (AVERAGE) BACTERIOSTATIC CONCENTRATIONS OF CITRININ SODIUM 








STAPH. AUREUS STR. HEMOLYTICUS AUTHOR AND REFERENCE 








1: 34,000 Oxford? 
1:160,000 Timonin and Rouatt§ 
1: 65,000 Timonin and Rouatts 
1: 8,000 Robinson® 
1: 16,000 Chu 
1:18,000 Timonin and Rouatt8 
1:40,000 Chu 








same order as after intramuscular injection. Somewhat smaller doses (20 mg. 
per kilogram) than the smallest used in rats, given intravenously in a cat and 
three rabbits, gave much lower blood levels, the urine showing higher con- 
centrations (Table I). 

CIRCULATORY EFFECTS 


When given intravenously in six dogs and two cats anesthetized with 
pentobarbital sodium, 30 mg. per kilogram, intraperitoneally, 7 mg. of citrinin 
per kilogram caused no appreciable changes in carotid blood pressure and heart 
rate. Doses of 10 mg. per kilogram produced a definite lowering of blood pres- 
sure with slowing of the heart, contraction of kidney, and increase in leg volume. 
Doses of 60 mg. per kilogram produced a marked fall (50 per cent) in blood 
pressure and slowing of the heart with dilatation of ventricles, followed by re- 
covery in about twenty minutes. There was also contraction of a kidney with 
a simultaneous increase in leg volume. Doses of 100 mg. per kilogram produced 
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a similarly marked though prolonged fall in blood pressure, slowing of the heart, 
passive contraction of a kidney, and increase in leg volume with variable recov- 
ery. These changes suggested that the depressor action was due partly to 
peripheral vasodilatation and partly to direct injury of the heart. Very slow 
injections caused little or no changes in the blood pressure, heart and organ 
volume, even with the highest doses tried, that is, 100 mg. per kilogram. 

Respiration was always inereased in rate and amplitude during the fall 
of blood pressure. After atropinization, the blood pressure, instead of falling, 
was raised 20 or 30 mm. Hg with doses of citrinin 20 mg. per kilogram intra- 
venously. Respiration was also increased during the rise of blood pressure. 
Thus, it would appear that the respiration was stimulated, in part at least, by 
the citrinin and not solely by the fall in blood pressure in unatropinized animals. 
The reversal of the depressor to a pressor effect confirmed a similar result re- 
ported by Ambrose.'? The cause of this was not investigated, except that the 
same animals showed the same vasomotor reversal with mecholyl. If confirmed, 
it would suggest that citrinin possesses a nicotinic action like acetylcholine. A 
nicotine-like action would also explain the marked peripheral vasodilatation in 
rabbits’ ears reported by Ambrose.!* Further study of these effects of citrinin 
might be scientifically interesting, but was deemed unprofitable, since intra- 
venous administration appeared chemotherapeutically unpromising. 


MICROORGANISMS AND CATALYSTS IN VITRO 


Bacteria.—Citrinin sodium inhibited Staph. aureus in dilutions of 1:16,000 
in broth and Str. hemolyticus in dilutions of 1:40,000 in broth. Adding 50 per 
cent fresh human urine to the cultures augmented the bacteriostatic action to 
1:40,000 for Staph. aureus and to 1:160,000 for Str. hemolyticus. Addition of 
serum had no effect on the bacteriostatic action. Generally, these minimum 
(average) bacteriostatic concentrations cannot be attained in the blood of living 
animals after introducing high doses into the nose and mouth irregularly from 
the alimentary canal (except in rats) but probably can be attained after intra- 
muscular and intravenous injections. From one-half to one-third these doses 
might be prohibitive intravenously due to toxicity and these would probably not 
yield bacteriostatic concentrations. It is clear that citrinin is much weaker 
against these bacteria than penicillin. The results are summarized and com- 
pared with those of others in Table II. In general, my results indicate a lower 
order of bacteriostatic action than do those of Timonin and Rouatt® and Oxford,’ 
although greater than Robinson’s® for Staph. aureus but higher than those of 
Timonin and Rouatt® for Str. hemolyticus. These differences may be due to dif- 
ferences in sensitivity of the bacterial strains, although I tried several strains 
with about the same results. 

Paramecium.—Solutions of citrinin sodium, 1:100, killed paramecia within 
five minutes; 1:500, in twenty minutes; 1:1,000, in thirty minutes; 1:2,000, in 
six hours; 1:5,000 did not kill even after twenty-four hours. Apparently this 
unicellular organism is rather resistant to citrinin. 

Inorganic Catalysts—Using Santesson’s method,’ citrinin sodium con- 
centrations of from 1:2,000,000 to 1:100 had no effect on the catalytic action of 
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platinum black (supernatant of 1 per cent suspension) for hydrogen peroxide. 
With collargol (0.1 per cent) and fuller’s earth (1 per cent), stronger solutions 
of citrinin sodium, that is, from 1:100 to 1:500, aided the liberation of Oz, if 
anything, while dilute solutions, below 1:500, produced no effects. Thus, the 
results with these inorganic systems do not indicate that citrinin is an important 
poison for the catalytic action tested. Using the same systems, Cutting, Halpern, 
and Armstrong” found that penicillin in concentrations above 50 units per cubic 
centimeters always caused inhibition. This appeared to be due to impurities in 
penicillin, since the inhibition persisted after autoclaving. 


PROTECTIVE ACTION AGAINST EXPERIMENTAL STAPHYLOCOCCUS 
INFECTION 


Mice weighing from 18 to 20 grams were infected with twice the lethal 
dose of Staph. aureus by intraperitoneal injection of 0.5 ¢.c. of 1:5 dilutions of 
twenty-four-hour-old broth cultures. Two groups of fifty each were infected 
in that way. One group, used as controls, was treated by injecting 0.5 ¢.c. saline 
solution hypodermically at five-hour intervals day and night for three days from 
the beginning of infection. Another group was treated by the same procedure 
with 0.5 ¢.e. solution containing 0.5 mg. of citrinin sodium day and night for 
three days. All the animals died at about the same rate in both groups, leaving 
only two in each group on the third day. Thus, citrinin had no demonstrable 
protective effect in a fatal staphylococcie infection with high doses equal to 
about 25 mg. per kilogram of body weight or about one-half the toxic dose.’° 

Compared with penicillin, it seems obvious that citrinin is of no promise 
in systemic staphylococcie infection, but this might be different in local infec- 
tions, as in abscess and furunculosis, where high concentrations could be applied 
directly. 

SUMMARY AND CONCLUSIONS 


1. Concentrations of citrinin sodium proposed in sprays, lotions, and oint- 
ments for local applications to mucous membranes and the skin were not 
demonstrably irritating or injurious and the slight to moderate irritation was 
not objectionable, as indicated by tests in animals and human individuals. High 
concentrations caused definite protoplasmic irritation or injury, but this was 
temporary and readily reversible. 

2. Systemic absorption of citrinin was questionable or practically negligible 
for possible systemic or antiseptic actions of the drug in animals receiving high 
concentrations and doses by instillation into the nose or in the mouth. 

3. Blood concentrations of from 1:4,000 to 1:32,000 (average, about 
1:15,000) citrinin were demonstrable after introduction of high doses of citrinin 
into the ligated esophagus and stomach and all portions of the intestine of rats 
and also after intramuscular injection. 


4. Generally, rapid intravenous injections of citrinin in doses of from 10 
to 100 mg. per kilogram, caused immediate, although temporary, depressor ef- 
fects, which increased with the dosage, due presumably partly to direct cardiac 
depression and partly to peripheral vasodilatation. The highest doses used 
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could produce dangerous sustained depression. Slow intravenous injections 
of citrinin produced no such depression. <A reversal of the depressor to pressor 
action occurred in atropinized animals, similar to that of acetylcholine, in con- 
firmation of others. While these phenomena may be worthy of further in- 
vestigation, citrinin appears unpromising for intravenous use. 

5. The minimum (average) bacteriostatic concentrations of citrinin in 
broth were 1:16,000 for Staph. awreus and 1:40,000 for Str. hemolyticus. The 
antibacterial action was unaffected by human serum, increased by fresh human 
urine, and decreased by heated urine. Paramecia were killed by concentra- 
tions of 1:2,000 and higher, but various inorganic catalysts were unaffected by 
eoncentrations of 1:100 and lower. 

6. Experimental staphylococcie infection in mice was not prevented with 
high doses (one-half the toxic) intraperitoneally. While citrinin is not ecom- 
parable with penicillin in this systemic infection, this might be different in local 
infections where citrinin can be used in high concentrations. However, this re- 
mains to be determined. 


The author desires to express his thanks to Prof. P. J. Hanzlik for his kind guidance 
and helpful suggestions throughout the course of this investigation. 
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EFFECT OF SYNTHETIC VITAMIN K AND OF QUININE SULFATE 
ON THE PROTHROMBIN LEVEL* 


ARMAND J. Quick, P#.D., M.D. 
MILWAUKEE, WIS. 


HE observation that the prothrombin level of the blood can be altered by 

various drugs is of clinical importance; however, it requires not only further 
study and confirmation, but also careful evaluation. In this paper, results are 
reported on the effect of synthetic vitamin K compounds and of quinine sulfate 
on the prothrombin of the blood, since it has recently been reported that the 
former’ causes a hyperprothrombinemia while the latter? brings about a reduc- 
tion of the prothrombin concentration. 


THE INFLUENCE OF SYNTHETIC VITAMIN K ON PROTHROMBIN 
CONCENTRATION 


The compounds studied were menadione (2-methyl-1,4-naphthoquinone), 
Synkayvitet (2-methyl-1,4-naphthohydroquinone-diphosphorie acid ester tetra- 
sodium salt), and Hykinonet (2-methyl-1,4-naphthohydroquinone sodium bi- 
sulfite complex). These were tested on rabbits, dogs, and man. A relatively 
large single dose was given and the prothrombin determined daily for several 
days. My quantitative method for the estimation of prothrombin*® was employed. 

The results of giving large doses to rabbits and dogs are summarized by 
selecting typical experiments, which are presented in Table I. It appears ob- 
vious that there is no clearly demonstrable increase in prothrombin following 
large single doses of compounds having high vitamin K activity. This is con- 
trary to the findings reported by Field and Link! and also by Shapiro and 
Richards,‘ who noted a temporary decrease of the prothrombin time. Possible 
reasons for this difference will be discussed later. 

A single dose of 40 mg. of hykinone given intravenously to a normal subject 
(27-year-old man; weight, 140 pounds) caused no alteration in the prothrombin 
level as seen by the results given in Table IT. 

Vitamin K in Idiopathic Hypoprothrombinemia.—Two years ago I dis- 
covered a consistent hypoprothrombinemia in a healthy robust medical student 
(22 years of age; weight, 188 pounds) who at no time has had any abnormal 
bleeding. The prothrombin level has remained practically fixed during the 
period in which he has been studied, as shown by the record given in Table III. 
It will be noted that 40 mg. of hykinone given intravenously did not alter the 
prothrombin. 

The hypoprothrombinemia in this subject appears definitely to be con- 


From the Department of Biochemistry, Marquette University School of Medicine. 


Received for publication, Oct. 23, 1945. 

*Presented before the Eighteenth Annual Meeting of the Central Society for Clinical 
Research, Chicago, Nov. 2, 1945. 

tKindly furnished by Hoffmann-La Roche, Inc., Nutley, N. J. 

tKindly furnished by Abbott Laboratories, North Chicago, Ill. 
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EFFECT OF SYNTHETIC VITAMIN 
PROTHROMBIN 


TABLE I, 


K IN LARGE SINGLE DOSES ON THE 
LEVEL 











PROTHROMBIN TIME IN 





SECONDS 
WEIGHT DILUTION OF PLASMA 
ANIMAL ( KG.) UNDILUTED 1:5* 1:20t REMARKS 
7 Rabbit 12.5 6 10 19 Control 
2 2.5 6 10 19 120 mg. synkayvite orally 
3 2.0 6 11 19 50 mg. hykinone intrave- 
nously 
4 3.0 6 10 22 150 mg. menadione orally 
Dog 1 6.5 6 10 20 50 mg. hykinone intrave 
nously 
, 8.0 6 11 21 Control 
After 
twenty-four hours 
Rabbit 1 6 12 19% 
2 6 11% 19 
3 6 10 17 
4 6 10% 19 
Dog 1 6 11% 21 
2 6 11 1914 
After 
forty-eight hours 
Rabbit 1 614 11% 18% 
2 6% ii 1814 
3 6% 9% 17 
4 6 10 17% 
Dog 1 6 10 22 
2 6 11% 20 





*Diluted with physiologic saline solution. 
Diluted with human plasma treated with 
thrombin (actually component B®). 


aluminum hydroxide which removes _ pro- 











TABLE II 
PLASMA PLASMA 
UNDILUTED DILUTED 1:5 

Prothrombin time before hykinone (sec.) 12 27 
Prothrombin time twenty-four hours after 40 12% 29 

mg. hykinone* (sec.) 
Prothrombin time forty-eight hours after 40 12% 27 

mg. hykinone* (sec.) 
Prothrombin time seventy-two hours after 40 12% 28 


mg. hykinone* (sec.) 





*Intravenously. 





TABLE III 








PROTHROMBIN TIME 


IN SECONDS 





PLASMA PLASMA 
DATE UNDILUTED DILUTED 1:2 

May 6, 1943 15% 19% 
May 11, 1943 15% 21 
May 13, 1943 15% 20 
June 1, 19435 16 
Aug. 24, 1943 15% 
Nov. 19, 1943 15 19 
Mar. 29, 1944 15% 20 
June 7, 1944 18 
Aug. 11, 1944 17 
Dee. 15, 1944 15% 20 
July 24, 1945 16 19% 
July 25, 1945 16 20% 
July 26, 1945 16 20 











Gave blood for transfusion seventeen hours 
earlier 
Gave blood for transfusion May 12 and 30 


40 mg. hykinone intravenously 





; 
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TABLE IV 








PROTHROMBIN TIME IN SECONDS 





AGE PLASMA PLASMA 
( YR.) DATE OF STUDY UNDILUTED DILUTED 1:2 
Father 49 April 19, 1945 12 15 
Mother 50 Dee. 15, 1945 16 22 
Sister 16 Dee. 15, 1945 16 22 
June 25, 1945 17* 24 
Brother F 21 May 28, 1943 12 15 
Brother J 19 April 4, 1944 12 15 
May 17, 1945 12 15 


*First day of menstruation. 





genital, since it is present in other members of the family, as shown by the 
findings given in Table 1V. From these results it can be concluded that the 
defect, or anomaly, is on the maternal side of the family and inherited both by 
the male and female. Data are lacking to show whether the male can transmit 
this characteristic fixation of the prothrombin level. Interestingly, the sister has 
had several episodes of severe uterine bleeding which apparently responded to 
vitamin K and small doses of snake venom. I did not have an opportunity to 
study the patient during the hemorrhagie attacks, since her home is on the other 
side of the state. Although she is taking vitamin K daily, the prothrombin has 
not been elevated to the normal level. It appears that the prothrombin con- 
centration in three members of the family is fixed at a level a little lower than 
50 per cent. <A loss of blood seems to lower the prothrombin more easily than 
would occur in a subject with a normal prothrombin. Thus, giving two trans- 
fusions within eight days increased the student’s prothrombin time to eighteen 
seconds which is equivalent to a prothrombin concentration of 35 per cent of 
normal. Likewise it appears that excessive menstruation caused the prothrombin 
to drop in the sister’s blood and thus initiated a vicious cirele. Vitamin K pre- 
sumably can readily restore the prothrombin to the characteristic concentration 
but cannot elevate it beyond this fixed level.* It appears logical to designate 
this condition as congenital hypoprothrombinemia rather than idiopathic. 


TABLE V. THE EFFECT OF QUININE SULFATE (0.33 GM. DAILY) ON PROTHROMBIN TIME 








PROTHROMBIN TIME IN SECONDS 








SUBJECT 1 SUBJECT 2 SUBJECT 3 SUBJECT 4 
(AGE, 22 YEARS; (AGE, 21 YEARS; (AGE, 21 YEARS; (AGE, 22 YEARS; 
WEIGHT, WEIGHT, WEIGHT, WEIGHT, 
DAYS 160 POUNDS) 155 POUNDS) 150 POUNDS) 140 POUNDS) 
0 12* 12% 11% 12 
11% 12% 11% 11% 
2 11% 12 11% 12 
3 11 12% 12 12 
5+ 114% 12% 12 12 
6 11% 12% 12 12 
rf 12 121% 12 12 
8 12% 12% 11% 12 





*The prothrombin time was also determined on plasma diluted with 4 volumes of saline 
solution. The results were entirely consistent with those of undiluted plasma. 

+No determinations of prothrombin were made on the fourth day but quinine sulfate 
was taken, 


*It has been found that the reduced prothrombin level is due to a lowered concentration 
of component B of the prothrombin complex, This same factor is diminished in dicumarol 
poisoning, 
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THE ACTION OF QUININE SULFATE ON PROTHROMBIN 


The recent report of Pirk and Engelberg? that quinine in relatively small 
doses caused an increase in the prothrombin time seemed rather surprising, since 
hemorrhage is not a common complication even when this drug is given in large 
doses over long periods of time. A repetition of their experiments failed to show 
any reduction of prothrombin, as shown in Table V. The only difference in 
procedure was that Pirk and Engelberg employed Russell viper venom as the 
thromboplastin for the test. Whether this accounts for their findings is difficult 
to say, but it seems that it would have been judicious had they checked their 
results with my unmodified method for determining prothrombin since the latter 
procedure has been successfully used in all the known types of hypoprothrom- 
binemia. 


COMMENT 


The terms hyperprothrombinemia and hypoprothrombinemia which are 
appearing with increased frequency in the medical literature require careful 
evaluation. Thus far hyperprothrombinemia has not been convincingly demon- 
strated either in man or in experimental animal. The results which have been 
interpreted as hyperprothrombinemia are based on the prothrombin time of 
highly diluted plasma. In such experiments, the disturbance of the physico- 
chemical equilibrium of the plasma by high dilution is not fully considered, and 
no attention is paid to the finding that prothrombin is not a single substance 
but a complex of two components and calcium as observed by me® in 1943 and 
independently confirmed in part by Nolf® in 1945. 

The statement of Richards and Shapiro,’ ‘‘that only by the use of diluted 
plasma is it possible to detect the hyperprothrombinemia,’’ cannot be accepted. 
I have demonstrated that the human being has only 20 per cent as much pro- 
thrombin as the dog and rabbit and therefore any significant increase of pro- 
thrombin in the human being could readily be detected by the prothrombin time 
of undiluted plasma. Actually it appears that the normal level is fixed and is 
not affected by even large doses of synthetic vitamin K. 

Even if the prothrombin were increased above normal, it would not neces- 
sarily affect the coagulation time. Although the cow contains only 16 per cent 
as much prothrombin as the dog or rabbit, there is nothing to suggest that the 
cow is more subject to hemorrhage or that intravascular clotting is more prone to 
occur in dogs and rabbits. Both prothrombin and fibrinogen are normally pres- 
ent even in bovine blood in amounts far in excess of the requirement needed for 
normal coagulation; consequently further increases or decreases over a fairly 
wide range are not apt to affect coagulation or hemostasis significantly. The 
trigger substance in the clotting mechanism is thromboplastin. 

Hypoprothrombinemia is clinically more significant, for if the prothrombin 
falls below 20 per cent, a patient is in danger of hemorrhage; however, as long 
as the vascular response remains normal and no trauma is sustained, abnormal 
bleeding is not likely to occur. I have seen a patient who, following a course of 
dicumarol therapy, had a prothrombin less than 10 per cent (from thirty-eight to 
forty-four seconds) for nearly two weeks without any evidence of bleeding. In 
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animals the prothrombin can be even more drastically reduced without actually 
causing hemorrhage, but such animals will bleed profusely when injured. 


With the introduction of dicumarol into therapy and with the finding that 
other drugs can cause a decrease of the prothrombin of the blood, the necessity of 
a standardized test for determining prothrombin with the results expressed as per 
cent of normal has become urgent. The only test which has met these require- 
ments is the one-stage method I have developed. In support of this is the recent 
paper of Hurn, Barker, and Magath.® 

From the results obtained in this study, it appears unlikely that quinine 
in small doses given to normal individuals causes any demonstrable changes in 
the prothrombin of the blood. Whether the drug given in large amounts to 
patients with malaria will affect the prothrombin has not been determined. The 
suggestion of Pirk and Engelberg, that vitamin K be administered with quinine, 
had therefore better await more conerete evidence that such a practice is neces- 
sary. 

While no specific studies on salicylates are reported in this paper, a com- 
ment on the hypoprothrombinemia due to this drug should be made. Sodium 
salicylate even when given at the level of 10 Gm. a day does not reduce the pro- 
thrombin to the hemorrhagic level in uncomplicated cases as Butt and associ- 
ates? have shown in a study of fifty-one cases. Some individuals nevertheless 
even on smaller doses of salicylates suffer a marked depletion of prothrombin. 
I have recently seen a child with a prothrombin time of forty-two seconds equiva- 
lent to a concentration of 8 per cent of normal following moderate therapeutic 
doses of sodium salicylate. The response to vitamin K intravenously (30 mg. 
hykinone) was rather slow. It seems fairly certain that in such patients some 
other dysfunction occurs whether it be of the kidney, liver, or some other organ. 

The question naturally arises whether vitamin K should supplement the 
administration of salicylates. In the normal patient, vitamin K will restore and 
maintain the normal prothrombin level, but in these patients the level without 
vitamin K is not low enough to put them in jeopardy of hemorrhage. Whether 
small doses of menadione or its derivative will protect the small percentage of 
individuals who are supersensitive to salicylates has not been determined, but 
Richards and Shapiro’ have recently reported that in two patients of a series of 
twelve, synthetic vitamin K did not bring the prothrombin completely to normal. 
It seems, therefore, that probably the wiser course is not to depend on vitamin 
K, but rather to determine the prothrombin at frequent intervals on all patients 
receiving large doses of salicylates. If the prothrombin falls to a dangerous 
level, treatment with a water-soluble menadione derivative intravenously should 
be given immediately. 

SUMMARY 


1. Synthetic vitamin K compounds (menadione, synkayvite, and hykinone) 
given in relatively large single doses caused no demonstrable hyperprothrombin- 
emia in rabbits, dogs, or man. 

2. Vitamin K did not elevate the prothrombin of one individual who has a 
consistent level of approximately 45 per cent. Since the patient’s mother and 
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sister likewise have the same concentration of prothrombin, it can be concluded 
that this trait is congenital and hereditary. The condition should therefore be 
ealled congenital hypoprothrombinemia. 


3. Quinine sulfate in daily doses of 0.33 Gm. caused no decrease in the pro- 


thrombin of the blood. 


4. The significance of hyper- and hypoprothrombinemia is discussed. 
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DEPRESSION OF GAMMA GLOBULIN IN HYPOPROTEINEMIA DUE 
TO MALNUTRITION 


EpwIn G. Kress, A.B., M.D. 
Sr. Louis, Mo. 


|‘ SEVERE hypoproteinemia due to uncomplicated malnutrition in man, the 
globulin fraction of the total plasma protein, as well as the albumin, may be 
depressed.* ? Although Weech and co-workers* found normal plasma globulin 
levels in experimentally produced hypoproteinemia in animals, Madden and 
Whipple* have emphasized that diet regulates production of both globulin and 
albumin. In the patient with nutritional edema described in this study there 
was a low plasma globulin which rose to normal as the hypoproteinemia was 
corrected by diet. The most striking changes were in the gamma fraction of 
the globulin. Since Cannon and co-workers* ® have recently demonstrated that 
antibody response in rabbits may be influenced by experimentally produced 
hypoproteinemia, the immunologie implications of the present observations in a 
human patient are briefly discussed. 


CASE REPORT 

R. H. (History No. 119684), a 15-year-old white girl, was first examined on Nov. 11, 
1944, and was carefully followed from April 1, to June 11, 1945. 

History.—For one year before entering the hospital, the patient had noticed that she 
tired easily and that her ankles and legs were swollen at the end of the day. She came 
from a rural community and was a stepchild in a poverty-stricken family. Her diet had 
been markedly deficient, especially in proteins; beans and bacon constituted the only source 
of protein except for an occasional glass of milk which she received when she was able 
to attend school. She had had measles, mumps, chicken pox, and whooping cough. There 
was no history of nephritis. She had had no previous immunizations. 

Physical Examination.—The patient was a thin white girl who did nat appear acutely 
ill. There were no skin lesions or other obvious signs of vitamin deficiency. Slight tender- 
ness could be elicited over the maxillary sinuses and a moderate amount of postnasal drip 
was seen on the back of the pharynx. There was slight pitting edema of both legs. The 
physical examination was otherwise normal. 

Laboratory Findings.—Blood counts, repeated urinalyses, and stool examinations were 
normal. The plasma proteins were 3.1 Gm. per cent. Fractionation of the plasma showed 
2.0 Gm. per cent albumin and 1.1 Gm. per cent globulin. Later protein studies including 
electrophoretic analyses are shown in Fig. 1, 4 and B. The blood N.P.N. ranged from 14 to 
19 mg. per cent. The cephalin-cholesterol flocculation test was negative. A bromsulfalein test 
showed no dye retention after thirty minutes. Agglutination reactions with the typhoid-H 
antigen were negative in all dilutions. 

Clinical Course-—When the diagnosis of hypoproteinemia was first made in November, 
1944, the patient was placed on a high protein diet. Her home situation did not permit 
the carrying out of this regimen and she was brought back to the hospital in March, 1945, 
still edematous with plasma proteins of only 3.5 Gm. per cent. During the remainder of the 
study, she was on a high protein diet and the edema disappeared within a few weeks. By 
June 1, 1945, she had gained eight pounds and continued to improve. 


From the Department of Medicine, Washington University School of Medicine, and the 
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Hig. 1.—HMlectrophoretie patterns of the plasma of patient R. H. A, April 4, 1945, before high 
protein diet. B, June 11, 1945, after high protein diet. 
METHODS 
Dictary Regimen.— After preliminary investigation, the patient was placed 
on a diet furnishing approximately 100 Gm. protein, 125 Gm. fat, and 300 Gm. 
earbohydrate, providing approximately 2,700 calories. A typical day’s menu 
of the recommended diet was as follows: 


Breakfast 


4 grapefruit Cream 

| serving Pettijohns Sugar 

2 eggs, scrambled Jelly 

2 slices whole wheat toast 1 glass milk 
1 pat butter 
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Launch 
1 serving cream of pea soup 1 serving Waldorf salad 
4 soda crackers 2 sugar cookies 
1 pat butter 1 glass milk 
1 peanut butter and jelly sandwich 


Mid- Afternoon 
1 serving baked custard 


Dinner 
1 large serving roast veal 1 slice whole wheat bread 
1 serving mashed potatoes, gravy 1 pat butter 
1 serving Harvard beets Jelly 
1 serving head lettuce salad, | serving vanilla ice cream 
salad dressing 1 glass milk 


This high protein, high caloric diet was maintained from April 4, 1945, 
through the entire period of observation. Exact caleulations of the diet were 
not kept, because during most of this time the patient was not in the hospital; 
however, during the periods that she was at home, careful social service follow- 
ups insured the continuation of a high protein intake. 

Immunizations —Between April 21, 1945, and May 7, 1945, the patient 
was vaccinated against typhoid fever using 0.5 ¢.c. and two subsequent 1.0 e.e. 
injections of vaccine at weekly intervals. Bacterial vaccine* made from 1,000 
million killed typhoid bacilli per cubic centimeter (Bio. 429 076384-A) was 
used. Agglutination reactions of the patient’s serum with the typhoid-H anti- 
gen were carried out five weeks after the last injection. 

Chemical Studies.—The total plasma proteins were determined by the 
Kjeldahl method. The fractional proteins were determined by the method of 
Campbell and Hanna,’ using sodium sulfite as the globulin precipitant. The 
electrophoretic measurements were made using a modification of the Tiselius 
apparatus described by Longsworth.® The cell with the tall center section was 
used and photographs were taken with the Philpot lens in the optical system. 
Oxalated plasma diluted with one part of buffer was dialyzed against 0.1 M 
lithium veronal buffer at pH 8.6. The measurements recorded in Table I were 


TABLE I. CHEMICAL AND ELECTROPHORETIC MEASUREMENTS OF PLASMA PROTEINS 








CHEMICAL ANALYSES ELECTROPHORETIC ANALYSES 


























(GM. PER CENT) (GRAMS PER CENT*) 
| | | —_ 
| | | a, GLOB- | | 
ULIN | | 
TOTAL | ALBU- | GLOB- + | @,GLOB- | 8 GLOB- | FIBRINO- | y GLOB- 
DATE PROTEIN | MIN | LIN ALBUMIN | ULIN ULIN GEN | ULIN 
11/18/44 3.1 2.0 1.1 “ear 
12/ 1/44 3.9 2.5 1.4 
3/23/45 3.8 1.8 2.0 
4/ 4/45 3.5 2.3 1.2 1.81 (51.8) .49 (13.9) 46 (13.1) .58 (16.4) .16 (4.7) 
4/12/45 3.9 2.7 12 2.02(51.9) 559 (15.1) .62 (16.0) .52 (13.2) 15 (3.8) 
5/ 7/45 5.5 3.4 2.1 
6/11/45 5.1 - - 2.54 (49.9) .62 (12.1) .66 (13.0) .59 (11.7) .68 (13.4) 


*The relative percentages are in parentheses. 





*Parke, Davis & Co., Detroit, Mich. 
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made from enlarged projections of the ascending limb with perpendicular lines 
marking off the separate fractions. Areas were measured with a planimeter. 


RESULTS 

A very low level of plasma gamma globulin was found before the pa- 

tient’s hypoproteinemia was corrected. Following a high protein intake, the . 

gamma globulin increased from 0.15 Gm. per cent to 0.68 Gm. per cent (or 

almost the normal level). The changes in the ‘albumin and all of the globulin 

fractions are shown in Table I. The changes in the electrophoretic patterns 
of the plasma are illustrated in Fig. 1, A and B. 

The agglutination reaction of the patient’s serum with the typhoid-H anti- 
gen was negative in all dilutions five weeks after the completion of the immuniza- 
tion. 

DISCUSSION 

This is the first reported case of uncomplicated nutritional hypoproteinemia 
with electrophoretic studies of the plasma proteins showing a diminished gamma 
globulin fraction which increased with a high protein intake. The author has 
studied one other patient with severe hypoproteinemia from chronic ulcerative 
colitis, and in this patient a relatively high gamma globulin was found which 
eould probably be accounted for by the long-standing infection. Longsworth 
and MacInnes'! found very low gamma globulin concentrations in sera of pa- 
tients with lipoid nephrosis where the diminution is probably accounted for, in 
part at least, by loss of protein in the urine. 

The gamma fraction of the plasma globulin has been shown to contain 
many of the known antibodies; Kabat’ has reviewed the immunologic significance 
of this fraction of the plasma proteins. If the synthesis of gamma globulin is 
dependent on adequate protein intake, as this study suggests, antibody produc- 
tion may also be affected by diet. Cannon and associates*° have studied anti- 
body production in rabbits made hypoproteinemic by a low protein diet and 
concludes that there is a lessened capacity of these animals to produce agglu- 
tinins as compared to rabbits on a well-balanced diet. They suggest that there 
may be a deficiency in the antibody containing fraction of the plasma globulin. 
In this connection it is of interest that a full course of immunization with 
typhoid antigen failed to cause an antibody response in the present patient. 


SUMMARY 


A ease of hypoproteinemia due to malnutrition has been studied with elec- 
trophoretic determinations of the plasma proteins made both before and after 
a period of high protein intake. The plasma globulin as well as the albumin 
showed changes following dietotherapy, the most striking change being an ab- 
solute and relative increase in the gamma globulin fraction. The possible sig- 
nificance of this observation regarding antibody production and resistance to 
infection in malnutrition has been pointed out. 


The author wishes to thank Dr. Arda A. Green, for her assistance and advice in the 
electrophoretic determinations, and Dr. Carl F. Cori, of the Department of Pharmacology, 
for making available the Tiselius apparatus. 
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THE INABILITY OF CYSTEINE TO INACTIVATE PENICILLIN IN 
THE PRESENCE OF BROTH AND BLOOD 


Haroup L. Hirsu, M.D., anp C. Barspara O’NeEIL, A.B. 
WASHINGTON, D. C. 


HE recent reports of Cavallito and Bailey' and Chow and McKee? on the 


inactivation of the antibiotic action of penicillin by cysteine aroused our 


interest in the possibility of incorporating cysteine in culture media for the in- 
hibition of any penicillin present in body fluids to be cultured. It has been 
shown that penicillin in a body fluid will inhibit or prevent the growth of any 
penicillin-sensitive bacteria present in the specimen. Prompt inhibition of this 
bacteriostatic effect of penicillin in culture media is necessary to assure the 
growth of any penicillin-sensitive bacteria present. 

Many investigators*® have shown that the addition of a sufficient amount 
of penicillinase prevents this action of penicillin immediately, thus allowing for 
unimpeded growth of any bacteria present. However, penicillinase is a bae- 
terial product and has some disadvantages in its production, standardization, 
and sterilization. Cysteine hydrochloride is a chemical easily synthesized, 
weighed, and sterilized. This study is an attempt to evaluate the use of cysteine 
as an inactivator of penicillin in culturing body fluids. 

On the basis of the work of Chow and McKee,’ it was estimated that about 
36 mg. of cysteine hydrochloride would inhibit the action of 30 units of penicillin 
in fifteen minutes. It was decided to use both penicillin X* and G to determine 
whether there was any difference in the action of cysteine on these drugs. <Ac- 
cordingly, a series of six flasks was prepared. To each was added 5 c.c. of horse 
blood and 2.5 ¢.c. of penicillin solution containing 20 units per eubie centimeter. 
Three of the flasks contained penicillin X and the other three penicillin G. To 
one of each of the three flasks containing penicillin X and G was added 1 ¢.e. of 
a 6 per cent cysteine hydrochloride solution. One cubic centimeter of penicillin- 
aset containing 10 units of penicillinase per cubie centimeter was added to two 
of the other flasks, one containing penicillin X and the other penicillin G. To 
all the flasks was added sufficient tryptose phosphate broth to make a total 
volume of 40 ¢.c. The final dilution of penicillin was 1.25 units per cubic 
centimeter in all flasks. Flasks 2 and 5 contained in addition 0.25 unit of 
pencillinase, and Flasks 3 and 6 contained 1.5 mg. of eysteine hydrochloride per 
eubie centimeter. Flask 1 with penicillin G and flask 4 with penicillin X served 
as controls. Samples of 0.4 ¢.c. were removed from each flask immediately on 
completion of the mixture for a contro] determination of the penicillin content.¢ 


From the George Washington Medical Division, Gallinger Municipal Hospital, and the 
Department of Medicine, George Washington University. 

Received for publication, Oct. 29, 1945. 

*The penicillin X was surplied by Lederle Laboratories, Inc., Pearl River, N. Y., as the 
calcium salt in ampules of 100,000 units containing about 75 per cent penicillin X. 

- ¢Penicillinase was supplied through the courtesy of Schenley Laboratories, Inc., Louis- 

ville, Ky. 

tPenicillin determinations were made according to a modification of the method of 
Randall,*® using an undiluted culture of Bacillus subtilis. 
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The flasks were then placed in an incubator at 37° C. for a total of twenty-four 
hours. At intervals of fifteen minutes, one-half, one, two, three, four, five, 
twenty-two and one-half, and twenty-four hours, 0.4 ¢.c. was withdrawn from 
each flask to ascertain the amount of penicillin present. 

The results of this study are shown in Table I. It is apparent that the 
heat of the incubator destroyed some of the penicillin in the control flasks. 
Penicillinase produced prompt and complete inactivation of penicillin. On the 
other hand, cysteine inactivated only slightly more penicillin than was destroyed 
in the control flasks. Moreover, its action was delayed and incomplete when com- 
pared with that of penicillinase. There was no difference in the effect of cysteine 
on penicillin X or G. 

Cavallito and Bailey’ and Chow and McKee? have shown that certain amino 
acids antagonize the penicillin-inhibiting action of cysteine. The next problem 
was to determine whether the blood or broth, or both, used in our previous stud- 
ies had any antagonizing effect on this action of cysteine. 

To a group of four flasks was added 1 ¢.c. of 6 per cent cysteine hydro- 
chloride solution. To Flasks 1 and 2 were added 2.5 ¢.c. of penicillin G@ con- 
taining 20 units per cubic centimeter. Flask 1 was made up to 40 ¢.e. with 
tryptose phosphate broth and Flask 2 with tryptose phosphate blood broth to 
the same volume. Fifty units of penicillin X plus 36.5 ¢.c. of physiologic salt 
solution were added to Flask 3. Flask 4 was similarly prepared with physiologic 
salt solution and blood. 

From each flask 0.4 ¢.c. was withdrawn immediately for control determina- 
tions of the penicillin content of the flasks. The flasks were then incubated at 
37° C. for a period of two hours and samples for penicillin assay were taken at 
fifteen and thirty minutes and at one and two hours. 

The results are demonstrated in Table II. In the individual flasks contain- 
ing blood and broth or physiologic salt solution and blood inactivation of peni- 
cillin was delayed and incomplete. In the flasks containing physiologic salt 
solution alone as a diluent, cysteine completely inhibited the action of penicillin 
after thirty minutes. 

This study indicates that sufficient cysteine had been added to inactivate 
the quantity of penicillin employed in our work. The failure of cysteine to in- 


TABLE II. RESULTS OF ADDITION OF CYSTEINE TO PENICILLIN IN TRYPTOSE PHOSPHATE BROTH 











(UNITS/C.C. ) AFTER INCU- 


VOLUME OF | VOLUME OF 
BATION AT 37° C. FOR 


TRYPTOSE |PHYSIOLOGIC | 
| PENI- | 


"| CONTENTS OF FLASKS | - | CONCENTRATIONS OF PENICILLIN | 





PHOSPHATE | SALT | 
BROTH | SOLUTION | CILLIN |CYSTEINE| CON- i | 
FLASK (CC. ) (C:c.) (UNITS) | (MG.) | TROL MIN. | % HR.| 1 HR. | 2 HR. 
1 36.5 D0 (G) 60 0.625 0.625 0.625 0.625 0.312 
2 31.5 50 (G 60 0.625 0.625 0.625 0.312 0.156 
4 5 cc. 
blood* 
3 36.5 50 (X) 60 0.625 0.156 «+O 0 0 
4 31.5 a0 (X) 60 1.25 1.25 135 0.625 0.625 
- 5 Ce 
blood* 








*Horse blood. 
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activate the penicillin in certain flasks in both experiments was apparently due 
to the antagonistic action of the broth and blood present. These fluids contain 
proteins and amino acid and their inhibiting action on cysteine in these studies 
substantiates the results of other investigators." * 

Since cysteine did inactivate penicillin in physiologic salt solution, we were 
interested in determining whether the cysteine would have the same effect on 
penicillin in a synthetic medium* containing no proteins or amino acids. Co- 
incidentally, we attempted to determine the effectiveness of smaller quantities of 
| eysteine since Muir and Valley"! and Hickey"? have shown that 1 mg. of cysteine 
hydrochloride would inactivate about 400 units of penicillin in from thirty to 
sixty minutes using thioglycollate medium as a diluent. Chow and McKee? 
were able to inactivate 550 units of penicillin with 10 mg. of cysteine. 

A series of nine flasks was prepared containing 2.5 c.ec. of penicillin solution 
(20 units per cubic centimeter). To three flasks were added 0.12 mg. of cysteine 
hydrochloride dissolved in 1 ¢.c. of physiologic salt solution. Ten milligrams of 
eysteine hydrochloride were added to three flasks, and three flasks served as con- 
trols. Either tryptose phosphate broth or physiologic salt solution or synthetie 
broth was added to one flask of each of the groups. The total volume was 40 
ee, After removal of a sample for a control penicillin determination, the flasks 
were incubated at 37° ©. for twenty-four hours. Samples for penicillin assay 
were withdrawn at fifteen minutes, one-half, one, two, and twenty-four hours. 

The results are shown in Table III. We tound that 0.12 mg. of cysteine 
did not inactivate 50 units of penicillin to any greater extent than did the heat 
of the incubator. Ten milligrams of cysteine did inactivate 50 units of penicillin 
in the physiologic salt solution within fifteen minutes. Compared to the con- 
trols, there was no greater inactivation of penicillin by eysteine, regardless of 
the quantity of cysteine, when the diluents were tryptose phosphate or synthetic 
nitrate broth. 


TABLE IIT. RESULTS OF ADDITION OF CYSTEINE TO PENICILLIN IN TRYPTOSE PHOSPHATE BROTH, IN 
PHYSIOLOGIC SALT SOLUTION, AND IN SYNTHETIC NITRATE BrotTu 
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VOLUME | VOLUME Or] VOLUME | | (UNITS/C.C.) AFTER INCUBATION 
OF PHYSIO- OF ORES... ht... 
TRYPTOSE LOGIC SYNTHETIC PENI- | | | | 
PHOSPHATE SALT NITRATE CILLIN | CYS- | | | 
BROTH SOLUTION | BROTH x | TEINE | con-| 15 | ' 2 2 | 24 
FLASK (C.C.) (Cic.), | (CiC.) (UNITS) | (MG@.) | TRO. | MIN. |4 HR.) HR. | HR. | HR. 
~ ss 37.5 iia 50 0 25° «1.25 (1.25 «(0.625 ~(0.625 0.156 
2 37.5 50 0 1.25 1.25 1.25 0.625 0.625 0.156 
3 37.5 50 0 125 1.25 1.25 0.625 0.625 0.156 
4 36.5 a0 0.12 1.25 1.25 20 1.25 0.625 0.156 
5 36.5 50 0.12 1.25 1.25 0.625 0.625 0.312 0.156 
6 36.5 50 0.12 125 1.25 0.625 0.625 0.312 0.156 
7 36.5 50 10 1.25 1.25 0.625 0.625 0.312 0.156 
8 36.5 50 10 125 60 0 0 0 0 
9 36.5 50 19) 1.25 0.625 0.312 0.312 0.312 0.156 
*Synthetic nitrate broth: 
K2HPOs, 0.5 Gm. 
CaCh (anhydrous) 0.5 Gm. 
MgSQ:, 7H:0 0.2 Gm. 
G'ucose 10 Gm. 
KN 1 Gm. 


Os 
Distilled water to 1 liter 
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The failure of cysteine to inactivate penicillin in the tryptose phosphate 
broth corroborates our previous results. It has been shown that the action 
of cysteine is dependent on the hydrogen-ion concentration, with best results 
in pH 7 to 8. The failure of cysteine to inactivate penicillin in the synthetic 
medium was undoubtedly due to the fact that the mixture had a pH of 4. Bace- 
terial growth was not sustained in synthetie nitrate broth when sodium bi- 
carbonate was added to raise the pH. The pH of the physiologic salt solution 
was 6. This may be one of the reasons we were unable to corroborate the results 
of Muir and Valley"? and Hickey’? using comparable amounts of cysteine and 
penicillin. These investigators’! ?* were also able to inactivate penicillin with 
eysteine in thioglycollate broth. However, they allowed their cysteine-penicillin 
mixtures to stand for from thirty to sixty minutes before adding the mixture to 
the broth. In clinieal work, this would not be possible. 

Other investigators? have demonstrated that cysteine hydrochloride solu- 
tions are unstable at room temperatures, being oxidized to cystine. It has also 
been shown" that different samples of one brand as well as different brands of 
cysteine hydrochloride vary in their ability to inactivate penicillin. 


SUMMARY AND CONCLUSIONS 


Ten milligrams of cysteine hydrochloride will inactivate 50 units of peni- 
cillin in physiologic salt solution. This inactivation is not observed in the pres- 
ence of broth or blood or when the reaction of the medium is in the range of 
pH 4. Cysteine is not effective for the purpose of inactivating penicillin when 
it is used in culture media to which body fluids are added. 
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LABORATORY METHODS 


A PHOTOELECTRIC METHOD FOR THE DETERMINATION OF 
CHOLESTEROL IN URINE 


Rupoteyu Neustapt, M.D., L. GLapys Howarp, aNp ABRAHAM Myerson, M.D. 
Boston, Mass. 


HE excretion of cholesterol in the urine has been studied in recent years 

by only a few investigators.’** In our search for a suitable clinical method, 
preliminary studies showed that it is not possible to extract cholesterol directly 
from the urine. However, a complete hydrolysis is necessary in order to split 
the conjugations in which form at least part of the cholesterol is excreted in the 
urine. Further, in order to obtain correct colorimetric determinations, it is 
necessary to remove all foreign chromogens from the chloroform extracts. After 
these preliminary steps, the colorimetric determination of cholesterol in the urine 
follows the Law of Lambert and Beer and has great accuracy.* 


METHOD 


A complete twenty-four-hour urine specimen is collected and measured 
and its pH determined. An aliquot of 500 ¢.c. is used for one determination and 
is prepared in an extraction flask as follows: 

1. Add from 60 to 65 ¢.c. concentrated HC] and mix. 

2. Add 200 c.c. CHC], (C.P.). 

Connect the flask with the reflux condenser and bring the chloroform to a 
gentle boil for thirty minutes, thus carrying on hydrolysis and extraction 
at the same time. A continuous stream of small bubbles of chloroform should 
be in motion through the urine, but hard boiling of the chloroform must be 
avoided. The process needs constant watching and should be carried out at a 
temperature as close as possible to the boiling point of chloroform. Usually after 
twenty-five minutes of extraction, the completion of the hydrolysis is indicated 
by a marked change in color. 

3. Cool to room temperature and transfer the contents of the extraetion 
flask to a large separatory funnel. Rinse the extraction flask with a few eubie 
centimeters of CHC], and add the washing to the separatory funnel. 

4. Transfer CHCl, to a smaller separatory funnel. 

5. Wash with three portions of 10 ¢.c. each of 10 per cent NaOH. If the 
last alkali washing is not practically colorless, continue up to six washings. 

6. Wash three times with 10 ¢.c. portions each of distilled water. The alter- 
nate use of two separatory funnels facilitates steps 5 and 6. The separatory 
funnels should be rinsed with water between washings. 

7. Collect in am Erlenmeyer flask, but carefully avoid carrying over any 
traces of water. The CHCl, extracts will have either a faint green or faint 
purple color. 





From the Division of Psychiatric Research, Boston State Hospital. 
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*We are indebted to Prof. S. Q. Duntley, of the Color Measurements Laboratory of the 
Massachusetts Institute of Technology, Cambridge, Mass., for his help with the color measure- 
ments and tke calculation formula. 
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8. Stopper the flask and store in refrigerator for at least two hours or 
overnight. 

9. Take 20 ec. of the CHC], extract (10 per cent of the original) and 
decolorize with 20 mg. decolorizing echareoal. Stir and filter through filter paper, 
Whatman No. 40, into a small beaker. 

10. Heat on a hot plate, concentrate to approximately 4 ¢.c., and transfer 
to a small graduated cylinder. Wash the beaker with a few cubic centimeters 
of hot CHCl, twice more and add to the first 4 ¢.c. of concentrate. Bring the 
final solution to the 10 ¢.c. mark by the addition of a few drops of CHC),. 

11. Transfer to an Evelyn tube, stopper, and cool to 25° C. in a water bath. 
Add 4 ¢.c. acetic anhydride and 0.2 ¢.c. (4 standard drops) of concentrated 
H.SO,. Do not remove from water bath while mixing. Place in diffuse light 
and take readings after exactly twenty minutes with filter No. 660 (center set- 
tine 61) of the Evelyn photoelectric colorimeter. 

12. Caleulate with K, factor 0.082 + 0.002. 


EXPERIMENTAL 


Investigation was niade as to the influence on the Liebermann-Burchard 
reaction of substances present in the urine, either normally or under common 
clinical conditions, and as to the completeness of the extraction. The substances 
investigated were: (A) androgens, estrogens, creatinine, and bile acid, repre- 
senting the normal group and (B) glucose and albumin representing the 
pathologie substances. 

A. Androgens, Estrogens, Creatinine, and Bile Acid- 

1. Androsterone, trans-dehydro-androsterone, 4-4-androstenedione, testos- 
terone, testosterone propionate, and estrone do not yield any color with the 
Liebermann-Burchard reaction. Consequently, an addition of these substances 
to the cholesterol-containing extracts did not influence the readings and did not 
interfere with the clinical applicability of the method. 

2. Creatinine was not an interfering substanee, even when an additional 
600 meg. of creatinine per liter of urine were added to the normal urine. The 
readings obtained with filter No. 660 were not influenced in spite of an inerease 
in the amount of unspecific brown color present. 

3. Bile acids in the urine which may interfere with the Liebermann- 
Burchard reaction are excreted under normal conditions in only very small 
amounts; they were completely removed by the alkali washings in our procedure. 
We do not vet know whether this is enough to remove the increased amounts 
excreted by jaundiced patients. 


B. Glucose and Albumin.— 


1. The addition of as much as 10 Gm. dextrose per liter of urine did not 
influence the Liebermann-Burchard reaction. We therefore assume that the 
method can be applied to diabetic urine without advance preparation of the 
specimen. 

2. When large amounts of albumin were present in the urine, as in nephro- 
sis, an emulsion between the chloroform and albumin was occasionally formed 











PHOTOELECTRIC METHOD FOR DETERMINATION OF CHOLESTEROL IN URINE 97 


“So that centrifugation became necessary to recover the chloroform. It is evi- 
dent that working with an emulsified urine does not increase the yield. However, 
smaller amounts of albumin caused only a cloudiness of the urine during the 
process of extraction and do not interfere with the recovery of cholesterol. 
Therefore, the method is applicable in nearly all known clinical conditions, 

C. The completeness of the chloroform extraction containing added known 
amounts of cholesterol was determined by re-extracting the discarded urine and 
the alkali washings. It was found that between 90 and 100 per cent of the 
amounts added to the original chloroform extract were recovered and only an 
unspecific brown chromogen remained in the otherwise discarded portions. 

The addition to the urine of blood serum, the cholesterol content of which 
was determined separately by an adaptation of the Bloor method to the Evelyn 
colorimeter, gave yields which are shown in Table I. 


TABLE I 








CHOLESTEROL CHOLESTEROL | CHOLESTEROL 











IN SPECIMEN ADDED RECOVERED RECOVERY 
NO. ( MG.) (MG. ) (MG. ) (%) 
l 2.8 73 5S -— 108 
2.7 Paes 5.0 100* 
2 3 L2 2:3 77 
3 1.6 2.8 4.4 100 
1.6 2.8 4.4 100* 
4 0.55 1.0 1.55 100 
5 4.0 3.3 7.9 118 
6 0.4 0.1 0.5 100 
0.4 0.1 0.5 100* 
7 2.2 2.3 4.6 104 
2.2 2.3 4.5 100* 
8 1 | 2.0 | 100 





*Specimens were divided into two equal parts and the determinations were made by 
two different workers. 


DISCUSSION 


The objections raised against the Liebermann-Burchard reaction are un- 
warranted as long as the necessary precautions and standard conditions indicated 
by several investigators” 1°" are observed. The Liebermann-Burchard reaction 
for blood cholesterol has been a valuable clinical test in our hands. Therefore, 
it appeared feasible to attempt the application of the Liebermann-Burchard 
reaction for the determination of cholesterol in urine. 

We have shown that the determination of the chromogen in the urine is a 
quantitative indicator of its cholesterol content. Although the Liebermann- 
Burchard reaction is not an exclusive indicator for cholesterol, we found that 
:17-ketosteroids and other normal urinary contents do not give the Liebermann- 
Burehard reaction, that creatinine is destroyed, and that bile acids are removed. 
This leaves only the cholesterol as reagent in the chloroform extract, and the 
recovery experiments show that it actually is the sole source of the color reaction 
in our experiments. 

It was found that the Schoenheimer and Sperry*® modification for precipita- 
tion of cholesterol esters in blood with digitonide was not necessary in urine, as 








Ys NEUSTADT, HLOWARD, AND MYERSON 


the addition of alcoholic digitonide did not inerease the yield. This is probably 
due to the complete hydrolysis as the first step of our procedure. 

This step is just the reverse procedure of that practiced by Bruger and 
Ehrlich® who add as much as 10 per cent per volume of egg albumin to the 
urine to adsorb the cholesterol. Although these authors have been able to re- 
cover cholesterol from urine in this manner, the addition of egg albumin creates 
new factors of possible errors; these cannot be neglected in view of the small 
amounts of cholesterol in urine. We have shown that hydrolysis is an effective 
way to extract cholesteral completely and it requires fewer steps. 

It may be argued that the amounts of cholesterol excreted in the urine un- 
der normal conditions are too small for exact colorimetric determination. How- 
ever, the method described here is so sensitive as to reveal differences of 0.1 mg. 
cholesterol per specimen which is only a small fraction of the whole amount ex- 
creted. The amount of cholesterol excreted by normal individuals was found to 
be from 2.5 to 4.0 mg. per day. 

SUMMARY 


1. A simple technique is described for the photoelectric determination of 
cholesterol in urine. 
2. The method is sensitive enough to detect variations of 0.1 mg. per sample 
of urine. 
REFERENCES 


l. von Christiani, A.: Significance of Cholesterol Butyrate in Cancer, Ztschr. f. Krebs- 
forsch. 44: 467, 1936. 

2, Mirsky, I. A., and Bruger, M.; A Note on the Liebermann-Burchard Color Reaction 
for Cholesterol, J. LAB. & CLIN. MED. 18: 304, 1932. 

3. Bloch, E. (New York), and Sobotka, H.: Urinary Cholesterol in Cancer, J. Biol. Chem. 
124: 567, 1938. 

4, Butenandt, A., and Dannenbaum, H.: Excretion of Cholesterol in Urine, Ztschr. f. 
physiol. Chem. 248: 151, 1937. 

5. Gardner, J. A., and Gainsborough, H.: Cholesterol Secretion in the Urine, Biochem. J. 
19: 667, 1925. 

6. Engel, L. L., Thorn, G. W., and Lewis, R. A.: The Urinary Excretion of Steroid 
Compounds; Normal Male Subjects, J. Biol. Chem. 137: 205, 1941. 

7. Sobotka, H., Bloch, E., and Rosenbloom, A. B.: Urinary Cholesterol in Cancer, Am. J. 
Cancer 38: 2538, 1940. 

8. Mirsky, I. A.: A Method for the Colorimetric Determination of the Urinary Choles- 
terol, J. LAs. & CLIN. MED. 18: 1068, 1933. 

9. Bruger, M., and Ehrlich, 8. B.: On Determination of Urinary Cholesterol, J. Las. & 

: Cun. MED. 27: 1093, 1942. 

10::Treland, J. T.: The Colorimetric Estimation of Total Cholesterol in Whole Blood, 
Serum, Plasma and Other Biological Material, Biochem. J. 35: 283, 1941. 

11. Bloor, W. R., Pelkan, K. F., and Allen, D. M.: Determination of Fatty Acids (and 
Cholesterol) in Small Amounts of Blood Plasma, J. Biol. Chem. 58: 191, 1922, 

12. Hoffman, W. S.: Photoelectric Study of Liebermann-Burchard Reaction and Its Sig- 
nificance in Determination of Cholesterol, Proc. Soe. Exper. Bial. & Med. 43: 38, 
1940. 

13. Noyons, E. C.: Colorimetric Determination of Cholesterol and Cholesterol-Esters by 
the Liebermann-Burchard Reaction, Biochem. Ztschr. 298: 301, 1938. 

14, Noyons, E. C., and Polano, M. K.: Sources of Error in the Photometric Determingsien 
of Cholesterol, Biochem. Ztschr. 303: 415, 1940. 

15. Schoenheimer, R., and Sperry, W. M.: Micromethod for Determination of Free and 
Combined Cholesterol, J. Biol. Chem. 106: 745, 1034. 

















ON THE ESTIMATION OF ARTERIAL CARBON DIOXIDE FROM 
SAMPLES OF CUTANEOUS (CAPILLARY) BLOOD 


LIEUTENANT COMMANDER J. L. LILIENTHAL, JR., AND LIEUTENANT R. lL. RILeEy, 
MepicaL Corps, UNITED States Navan RESERVE 


tp of the microgasometric methods for the estimation of blood gases de- 
veloped by Scholander and Roughton? is designed for the determination 
of CO,. This method, which departs from the prineiples employed in the 
analysis of O,, CO, and N,, depends upon the extraetion of CO, from acidified 
blood by means of a partial vacuum. The use of a partial vacuum in the 
Scholander-Roughton syringe analyzer introduces certain technical difficulties 
which make the analysis of CO, less accurate than the analysis of the other 
blood gases. However, the accuracy obtained is sufficiently good to make the 
Scholander and Roughton method a valuable approach to a variety of physiologie 
problems where the quantity of blood for analysis may be limited. 

The demonstration that cutaneous (capillary) blood obtained from the 
heated ear lobe was equivalent to arterial blood, with respect to the oxvhemo- 
globin saturation, suggested that, similarly, the arterial CO, content might be 
estimated from samples of cutaneous blood.' If true, this relationship would 
permit the estimation of arterial CO, contents without reeourse to arterial 
puneture. In this report the accuracy of the microgasometrie technique for 
(CO, analysis is first defined and the feasibility of using eutaneous blood as a 
means for estimating the CO, content of arterial blood is then evaluated. 


ACCURACY OF THE MICROGASOMETRIC TRCELENIQUE FOR CO, ANALYSIS 


The method employed in this study followed, in the main, that reported 
by Scholander and Roughton? in their original communication. The following 
minor modifications have proved useful in this laboratory : 

1. The maintenance of vacuum in the syringe analyzer by means of a pure 
glycerin seal did not prove completely satisfactory. The sealing liquid was 
thickened by suspending 1 Gm. of gum tragacanth in 100 ¢.e. of glycerin (specific 
gravity, 1.249). This high viscosity suspension prevented all leaks. 

2. Sealing of the analyzer cup by means of a latex-tipped toothpick 
proved satisfactory. The durability of the plug may be enhanced by using 
vuleanized latex. Maintaining the seal by manual pressure during the evacua- 
tion of the gas did not prove reliable. To avoid the necessity for manual pressure 
on the plug, the latex-tipped toothpick was mounted in a small wooden block to 
which was attached two elastic rubber bands. Another hinged wooden block 
was attached to the butt of the syringe barrel (Fig. 1, A). The toothpick was 


From the Naval School of Aviation Medicine, Naval Air Training Bases, Pensacola, Fla. 
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then seated in the cup and maintained firmly in position by looping the rubber 
bands over the retaining block (Fig. 1, A-7). 

3. In accordance with the suggestion of Scholander and Roughton,? we have 
used a syringe analyzer with a longer capillary which permits the use of a 20 
e.mm. sample (50 unit instead of the standard 30 units capillary). The in- 
creased volume of the sample of blood (0.02 instead of 0.012 e.c.) inereased the 
accuracy of the method. 

4. Foaming within the syringe analyzer often creates great difficulties 
which may be avoided largely by moistening the tip of the syringe plunger with 
a minute drop of caprylic aleohol when it is first prepared with the tragacanth- 
glycerol mixture. This small amount of cdprylie aleohol is then deposited in 
a fine film over the wall of the syringe and reduces subsequent foaming. Per- 
sistent bubbles may be broken up readily by vigorous but guarded shaking of 
the analyzer in its long axis. It is important to note here that the microgaso- 
metrie method for CO, is relatively much more difficult to master than the 
methods for O., CO, and N.. 


TABLE I. CO, CONTENT BY THE SCHOLANDER-ROUGHTON METHOD 








DIFFERENCE BETWEEN PAIRED ANALYSES OF SIXTY-NINE SAMPLES OF BLOOD 





DIFFERENCE NUMBER OF 
(voL. %) SAMPLES 
0.0 { 
0.1 1 
0.2 13 
0.3 6 
0.4 2 
5 6 
0.6 & 
0.7 { 
0.8 5 
0.9 7 
1.0 2 58 (84%) 
1.2 1 
| Be 3 
1.5 . 
1.6 1 
» 0 ” 
2.9 1 
2.4 1 11 (16%) 





0.7 average difference 





The reproducibility of the analytic procedure may be evaluated from the 
results of a large number of duplicate analyses. In Table I is presented the 
difference between duplicate analyses of sixty-nine separate samples of blood. 
The average difference was 0.7 volume per cent; 84 per cent of the pairs dif- 
fered by 1.0 volume per cent or less (total range, from 0.0 to 2.4 volumes per 
cent). 

The accuracy of the Scholander-Roughton method may be evaluated by 
comparing results with those of the Van Slyke-Neill manometric method. In 
Table II are presented the results of duplicate analyses of eighteen separate 
blood samples both by the Van Slyke-Neill manometric and the Scholander- 
Roughton microgasometric methods. The Scholander-Roughton analyses aver- 
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TaBLE Il. COMPARATIVE VAN SLYKE-NEILL AND SCHOLANDER-ROUGHTON ANALYSES OF 
EIGHTEEN SAMPLES OF BLOOD 





























(1) (2) | (3) | 4) | (5) 
VAN SLYKE- SCHOLANDER- | VAN SLYKE- (2) x 1.023 | (4)-(1) 
NEILL | ROUGHTON H NEILL | 
(VOL. %) | (vou. %) | ~~ SCHOLANDER- 
ROUGHTON 
i or “y? . = 
33.8 33.0 1.015 34.1 +0.5 
47.0 45.0 1.045 46.2 —0.§ 
37.2 36.1 1.030 37.0 —0.2 
42.1 11.8 1.005 42.8 +0.7 
35.1 34.5 1.015 35.3 +0.2 
43.1 42.4 1.015 43.4 +0.3 
36.0 34.2 1.050 35.0 ~-1.0 
59.3 56.3 1.050 57.7 -1.6 
52.8 51.0 1.035 52.2 -0.6 
44.5 43.2 1.030 44.2 -0.3 
50.7 49.4 1.030 50.6 ~0.1 
47.0 45.2 1.040 46.3 -0.7 
49.7 48.6 1.020 49.8 +0.1 
50.2 49.7 1.010 51.0 +0.8 
48.1 48.0) 1.000 49.2 +1.1 
46.6 45.5 1.025 46.6 0.0 
48.4 48.6 0.995 49.8 +1.4 
49.7 48.6 1.020 49.8 +0.1 
Average 1.023 Average flifference 0.6 








aged 1.1 volume per cent less than the Van Slyke-Neill determinations. The 
average ‘‘i’’ factor (CO, by Van Slyke-Neill + C0, by Scholander-Roughton) 
was 1.023 as compared with the ‘‘i’’ factor of 1.015 determined by Scholander 
and Roughton.? When corrected by use of the ‘‘i’’ factor, the average differ- 
ence between results by the two methods was 0.6 volume per cent; 83 per cent 
of the bloods differed by 1.0 volumes per cent or less (total range. from 0.0 to 
1.6 volume per cent). 


EQUIVALENT OF ARTERIAL AND CUTANEOUS CO, CONTENTS 


The comparison of the CO, contents of arterial blood with blood from the 
heated ear lobe was made in the same fashion as described in detail for the 
determination of oxyhemoglobin saturations... An indwelling arterial needle 
permitted a sample of blood to be drawn from the brachial artery simultaneously 
with the sample from the heated ear lobe. The method originally described for 
oxyhemoglobin saturation employed a wet anticoagulant to obliterate the dead 
space in the collecting syringe. This liquid introduced an unknown dilution 
which did not alter the determined oxyhemoglobin saturations because they 
were expressed as percentages. However, this dilution would introduce an 
appreciable error into any determination of absolute content of CO,. In order 
to ealeulate the dilution factor, the collecting syringe was modified by fusing 
the collecting funnel directly to the syringe tip (Fig. 1, B). Each syringe was 
then calibrated by weighing it when dry and again when the syringe dead space 
and the funnel had been filled with the liquid anticoagulant (Heparin,* 1 mg. 
per eubic centimeter) up to a mark etched on the glass funnel. The volume of 


*Lederle Laboratories, Inc., Pearl River, N. Y¥. 
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anticoagulant was then determined from the difference in dry and wet weights. 
The volume of the blood sample obtained was measured by the calibration of 
the syringe. The ratio of anticoagulant to blood permitted calculation of the 
dilution factor. With these syringes, the volume of anticoagulant varied from 
0.083 to 0.12 ¢.c., and the samples of blood ranged in volume from 0.5 to 0.9 
c.c., so that the dilution factors varied from 1.09 to 1.24. 

The fused funnel-syringe requires a modification in the technique of trans- 
fer of the blood to the Scholander-Roughton pipette. This transfer may be 
effected anaerobically with ease by placing a small conical rubber tip over the 
end of the pipette (Fig. 1, B-1). This rubber tip may be inserted into the 
glass funnel to obtain a sample of blood. The tip is then removed and the 
sample transferred in the usual manner to the syringe analyzer. 


TABLE IIT. COMPARISON OF CO, CONTENTS OF SAMPLES OF BLOOD OBTAINED SIMULTANEOUSLY 
FROM BRACHIAL ARTERY AND HEATED EAR LOBE (VOLUMES PER CENT) 














(1) (2) | (3) (4) | (5) 
ARTERY EAR LOBE (2)-(1) EAR LOBE (4)-(1) 
VAN SLYKE- | SCHOLANDER- | CORRECTED 
NEILL '  ROUGHTON SCHOLANDER- 

Sead lag ROUGHTON ~« | 

se i >) 

| 1.023 | 
47.6 46.9 —0.7 45.8 -1.8 
14.4 45.9 +1.5 44.8 +0.4 
50.2 02.4 +2.2 51.2 $1.0 
+8. ] 49.2 +1] 18.1 0.0 
48.4 49.6 +1.2 18.5 +0.1 
47.6 50.0 +2.4 48.8 $1.2 
45.0 46.9 $1.9 45.8 +0.8S 
48.3 48.7 $0.4 47.6 —().7 
49.7 50.4 +0.7 49.2 ~0.5 
16.8 50.7 +3.9 49.5 +2.7 
48.9" 50.4 +1.5 49,2 +0.3 
44.4" 45.1 $0.7 44.1 —0.3 
Average +1.4 Average difference 0.8 





*Blood samples obtained at 30,000 and 35,000 feet pressure-altitude, respectively, in the 
decompression chamber. 


The data obtained in twelve consecutive experiments are presented in Table 
III. The ear lobe samples were on the average 1.4 volumes per cent higher 
than the arterial samples. By coincidence, the factor by which the ear lobe 
values had to be multiplied to give the best possible approximation to the 
arterial values was almost equivalent to the reciprocal of the ‘‘i’’ factor (pre- 
viously mentioned) derived. In other words, as shown in Table III, the two 
correction factors cancelled out. On this basis, the average difference between 
results by the two methods was 0.8 volume per cent (range, from -1.8 to +2.7 
volumes per cent). In nine of the twelve comparisons, the differemee was 1 
volume per eent or less. 

Simee the oxygen saturation of blood from the heated ear lobe has been 
shown to be equivalent to that of arterial blood, the finding that under similar 
cenditions the CO, content of ear lobe blood exceeds that of arterial blood re- 
quires explanation. Several possibilities which may be considered follew: 
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1. A constant error may enter in measuring the dilution due to anti- 
coagulant. 


2. The ear lobe blood sample may be diluted by the introduction of tissue 
fluid containing larger amounts of CO,. 

3. The erythrocyte volume of cutaneous blood under these experimental 
conditions may be somewhat less than that in arterial blood. If this state 
obtained, a ‘‘capillary’’ sample would contain a larger proportion of plasma 
and, therefore, a higher CO, content. 

4. Although the oxygen saturation of blood from the heated ear lobe, as 
determined, indicated complete arterialization, this finding may be more appar- 
ent than real. For example, in the arterial range of oxyhemoglobin dissociation, 
no available analytic techniques will detect the minute change in saturation 
oceasioned by-a fall in oxygen tension of from 10 to 15 mm. Hg. However, a 
failure to attain complete arterialization would become evident with respect to 
CO.. 

Whatever the explanation of these differences may be, the fact remains that 
the CO, content of blood from the heated ear lobe may be employed to estimate 
the CO, content of arterial blood. 





SUMMARY 





The Scholander-Roughton microgasometric method has been found to af- 
ford a usefully accurate means for estimating the CO, content of a minute 
sample of blood. This method applied to samples of blood from the heated 
ear lobe gives CO, values from which the CO, content of arterial blood may be 
estimated. 
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BOOK REVIEWS 


Bacillary Dysentery, Colitis and Enteritis. Ky Joseph Felsen, B.A., M.D., Director of 
Medical Research, Bronx Hospital, New York, N. Y.; Director of International and 
Pan-American Dysentery Registry. W. B. Saunders Company, Philadelphia. Price 
$6.00. Cloth with 618 pages and 144 figures. 


The author is to be congratulated for having accumulated between the covers of one 
book of 618 pages such a vast amount of information about every conceivable phase of this 
subject. It should be noted also that this is the first book to be published in the United 
States on this subject. 

One is impressed by the broad coverage of the subject, by the unbiased presentation 
of data and opinions, by the author’s exhaustive review of the literature, and by his 
unique adaptation of such a volume of information into its proper place in the presentation 
of the subject. One is impressed favorably by the author’s vast personal experience and his 
active personal investigations in the subject. Such a background has enabled him to eval- 
uate critically all information chosen for the book. 

The historical aspects of bacillary dysentery are considered first. The disease has 
been traced from 480 B.c. to the present time, showing that it has always been a major 
disease of wars, a major military problem, and a constant and serious endemic problem in 
many parts of the world. 

The type of information one would expect is found in the large section on epidemiology. 
However, in addition, one finds unusual information such as that found in sections on the 
survival of B. dysenteriae in soil and the gastric barrier in bacillary dysentery. There is 
much evidence indicating that the author has searched the literature exhaustively in reviewing 
the subject. 

The clinical aspects of the disease are presented in considerable detail. ‘he author has 
brought to bear on each subheading of this section the findings of many investigators inter- 
ested in some certain phase of the disease. This is particularly true in the section on age 
incidence where the occurrence of this infection in the newborn period is stressed. Emphasis 
is placed particularly on the great variation in the symptomatology of the disease, from the 
asymptomatic or mild type to the rapidly fulminating and suddenly fatal type; also from 
the acute type with severe diarrhea to the mild type with constipation. Attention is also 
ealled to the atypical clinical forms of the disease. This is important because such unusual 
forms are not likely to be recognized by the clinician of average experience with this disease. 
It is important to know that in some cases the predominant symptoms suggest acute appendi- 
citis, meningitis, pneumonia, or severe agranulocytosis. 

The average observer of cases of this disease may recognize few complications. It 
is therefore timely and important that the author has presented the many complications 
which may occur. The relation of some of these to dysentery could easily be overlooked. 
Knowledge of the complications may also indicate in retrospect the true nature of a recent 
preceding infection. 

“The presentation of the bacteriology of dysentery is complete and up to date. The 
data in this section would complement greatly that found in our best textbooks on bac-* 
teriology at the present time. Much information has been accumulated in this section. 
Data are found regarding the various types of B. dysenteriae, the incidence of each in the 
etiology of dysentery, biochemical methods of classification of these microorganisms, their 
antigenic relationships, and tle most recently suggested serological classification by Boyd. 

The section on serological aspects of bacillary dysentery constitutes an important 
accumulation of information on this phase of the disease. The controversial views regarding 
the significance of serum agglutinins are presented in some detail. Data are presented show- 
ing that their presence is usually compatible with the disease, the convalescent state or the 
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carrier situation. Their absence is also compatible with a bacteriologically proved infection. 
Numerous data are presented showing a rise in agglutinin titers in the sera of human 
subjects as well as of rabbits following the administration of antigens of B. dysenteriae. 
Such data have been available previously only in the publications of various authors. These 
data have been brought together here and related to the patient with dysentery. 

Various phases of prophylactic and curative therapy are considered. Much emphasis 
is placed on prophylaxis, as it should be. In a consideration of therapy the preponderance 
of data has to do with the use of various sulfonamides, as one would expect, since their 
curative effectiveness has been demonstrated repeatedly. 


Chronic ulcerative colitis and chronic distal ileitis are presented as instances of chronic 
bacillary dysentery. The author has personally conducted follow-up studies of a number 
of these patients. He has demonstrated in 50 per cent of 124 such patients a positive 
culture, a previous history of the disease, the presence of bacteriophage for B. dysenteriae, 
or a combination of these findings. Other prevailing concepts of the etiology of chronic 
ulcerative colitis and chronic distal ileitis are also presented in all fairness. Differential 
diagnosis and treatment are given in considerable detail. 


The appendix contains much information regarding technical methods used in the 
diagnosis of bacillary dysentery. This information includes a method for obtaining material 
for bacteriological culture from the inttstine by sigmoidoscopic crypt aspiration, differential 
plating media, and cultural and serological identification of the types of B. dysenteriae. 
Similar information utiliingz the most recent and best methods should appear in subsequent 
revisions of some of our standard textbooks on bacteriology. 

The bibliography occupies ninety-five pages and is an excellent testament to the thorough- 
ness with which the author has reviewed the literature dealing with every phase of the subject. 


MERLIN L. Cooper, M.D. 


Facial and Body Prosthesis. By Carl Dame Clarke, Ph.D., Associate Professor of Art as 
Applied to Medicine, School of Medicine, University of Maryland; Captain, Sanitary 
Corps, Army of the United States; Department of Moulage and Prosthetics, Army 
Medical Museum. The C. V. Mosby Company, St. Louis. Price $5.00. Cloth with 200 
pages. 


This book is written by one who has had considerable experience in the field of prosthesis. 
The subject matter includes not only facial, but also body prostheses. These may be used 
fer a short time until the defect can be corrected by surgery or, when surgical repair is not 
advisable, they may be used permanently. In the reproduction of a missing part of the body 
the basic technique is carefully considered and well illustrated. The advantages and disad- 
vantages of the various materials, which have increased many-fold in recent years, are dis- 
cussed. In the chapter on Repair of Cranial Defects by Cast Chip-Bone Grafts, the descrip- 
tion of the technique could be condensed, and the surgical aspects are out of place in a book 
of this type. 

When surgical repair of a body defect is not indicated, the prosthesis is an adequate 
substitute. The particular skills of the plastic surgeon, the dentist, and the artist are essen- 
tial to the construction and wearing of a satisfactory appliance. Knowledge of the ma- 
terial centaimed in this book will help the novice avoid many disappointing results. 


BERNARD G@. SARNAT. 


In the Doctor’s Office. By Esther Jane Parsons, formerly Research Technician, Depart- 
ment of Biochemistry, College of Physicians and Surgeons, Columbia University; 
formerly Instructor in Medical Office Procedures, Paine Hall School for Medieal 
Assistants, New York, N. Y. J. B. Lippincott Company, Philadelphia. Price $2.00. 
Cloth with 295 pages. 





